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ABSTRACT 

Background and objectives: Osteoporosis is a condition of increased bone 

loss which leads to increased bone fragility and a marked increase in the risk 

of fractures. Oxidative stress has been proved to be involved in bone 

resorption. Thus, this study aims at comparing the serum levels of oxidative 

stress parameters between postmenopausal women with and without 

osteoporosis. Furthermore, the impact of vitamin D, calcium, lipid profile and 

potential related risk factors were also investigated.  

Methods: In this cross-sectional study, a total of 150 women who visited 

Duhok rheumatoid center and performed bone densitometry were enrolled. 

Patients with liver diseases, metabolic bone diseases, chronic kidneys 

diseases, gastrointestinal diseases, chronic inflammation, thalassemia, cancer, 

and patients who were taking antioxidant or hormones replacement therapy 

were excluded. A study questionnaire was used to collect the required 

information from participants. Serum malondialdehyde, ceruloplasmin, 

peroxynitrite, total bilirubin, calcium, lipid profile levels were measured by 

spectrophotometer whereas vitamin D was measured by ELISA.  

Results: Mean values for malondialdehyde, peroxynitrite, and ceruloplasmin 

were significantly elevated in osteoporotic and osteopenic groups compared 

to control group. Mean values of total bilirubin and calcium remained 

unchanged. Vitamin D showed no significant differences between groups 

with a high prevalence of vitamin D deficiency among the study population. 

Increased serum levels of total cholesterol, triglyceride and low-density 

lipoprotein in osteoporotic and osteopenic groups in comparison with control 

group. According to the Pearson correlation analysis, malondialdehyde was 

negatively correlated with total and lumbar spine bone mineral density in 

osteoporosis. Duration of menopause was negatively correlated with total 

bone mineral density in both osteoporosis and osteopenia. Age was 

negatively correlated with total and pelvis bone mineral density in 

osteoporosis while body mass index was positively correlated with lumbar 

spine bone mineral density in osteoporosis.   

Conclusions: The results of this study suggest that oxidative stress markers 

may be an important indicator of bone loss in postmenopausal women. 
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INTRODUCTION 

           Osteoporosis (OP) is a major global public health problem that results 

from reduced bone mineral density and contributes to the development of 

fractures and subsequent disability, morbidity and mortality in older people 

(Aggarwal et al, 2011; Heidari et al, 2015). OP is now identified as one of 

the 10 most important conditions affecting the entire human race, along with 

other disorders such as cardiovascular diseases, hypertension, stroke, and 

diabetes mellitus (Bartl and Frisch, 2009).  

           Osteoporosis is often referred to as the silent disease because bone loss 

occurs without noticeable symptoms until the bones are so fragile that a 

fracture occurs (Nguyen, 2011; Rao and Rao, 2013; Ferdous et al, 2015). 

Today, OP is one of the most prevalent reasons of fractures in elderly 

population. While lifelong osteoporotic fracture risk is approximately 35-

40% in women older than fifty years, this rate is about 15% in men (Deveci 

et al, 2017).   Fragility fractures are most common at the wrist, spinal 

vertebrae, and hip, although they can occur throughout the skeleton (Prentice, 

2004; Salminen, 2007).  

          The effects of free radicals on bone metabolism under physiological 

and pathological circumstances have been the source of inspiration for new 

research subjects (Deveci et al, 2017). There is an increasing evidence 

suggesting that oxidative stress is responsible for the pathophysiology of the 

aging process (Baek  et al, 2010) or low circulating levels of antioxidants 

were proposed to be related with reduced bone mineral density (BMD) and 

caused OP by in vitro studies or animal studies (Lee et al, 2015).  

             It is demonstrated evidence that reactive oxygen species (ROS) are 

involved in bone resorption, with a direct contribution of osteoclast generated 

superoxide to bone degradation (Altindag et al, 2008). Over the past several 

years, great advances have been made in the simplification of reliable 
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diagnostic tests for evaluating certain OS biological markers, such as the 

measurement of lipid peroxidation (LPO), glutathione peroxidase (GPx), 

superoxide dismutase (SOD), catalase, total antioxidant status, DNA damage, 

antioxidant vitamins (A, C, and E), and minerals (zinc, selenium). OS 

biomarkers have been surveyed in different tissues for assessing age-related 

diseases such as osteoporosis. Therefore, the use of biomarkers to identify 

patients with OS may be helpful in managing osteoporosis (Jannata et al, 

2010). Unfortunately; there is an apparent deficiency in information and 

knowledge about the extent of this public health problem and related risk 

factors between people in our locality. Furthermore, the role of oxidative 

stress in the development of osteoporosis is newly studied in our area. 

The aim of the study: 

           This study aims to highlight the relationship between 

oxidant/antioxidant status and BMD in postmenopausal women in Duhok city 

in Kurdistan Region-Iraq. 

Specific objectives: 

 To estimate oxidant/antioxidant status in in healthy, osteopenic, and 

osteoporotic postmenopausal women.  

 To show the relationship between oxidative stress parameters and 

BMD. 

 To study the effect of osteoporosis-related risk factors on BMD and to 

evaluate corresponding relationships. 
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CHAPTER ONE 

LITERATURE REVIEW 

1.1 Bone: definition and function  

          Bone is a metabolically active tissue composed of mineralized organic 

bone matrix produced by specialized bone cells. These cells work in teams to 

remove and to replace bone tissue (Cooper, 2005). Bones have several 

functions; they give the body its overall structure (Nguyen, 2011), provide 

support and protection of soft tissues (Florencio-Silva et al, 2015), and has an 

essential metabolic function acting as a mineral reservoir for storage of 

calcium, magnesium and phosphates that are required for the maintenance of 

blood homeostasis (Tortora and Derrickson, 2009). Moreover, they work 

with muscles to allow the body to move. They also contain bone marrow 

where blood cells are produced (National Osteoporosis Society, 2016).  

1.2 Bone homeostasis and remodeling cycle 

            Bone homeostasis is tightly regulated by remodeling (Albogami, 

2014), in which the skeleton exhibited continuous regeneration by a phased 

sequence of remodeling cycle (Figure 1.1). In adults, remodeling is 

responsible for approximately 95% of bone turnover and about 10% of bone 

is replaced each year (Prentice, 2004). Osteoblastic and osteoclastic cells are 

primary actors for reconstruction of bone and repair process. Normally there 

is a dynamic balance between osteoblast and osteoclast activity (Deveci et al, 

2017).  In general, three cell types are related to bone homeostasis: 

osteoblasts, osteoclasts, and osteocytes (Morgan et al, 2010).  The 

heterogeneous mix of cells is controlled and organized by multiple growth 

factors, cytokines, hormones, and other signals (Terk, 2007). 

Osteoclasts which are responsible for bone resorption, remove old or 

damaged bone by dissolving the mineral and breaking down the bone matrix 
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(Prentice, 2004). Subsequently, osteoclasts migrate away from the area of 

bone undergoing resorption and are replaced by osteoblasts, which lay down 

new bone matrix in the form of osteoid which becomes calcified to form 

mature bone (Sheweita et al, 2014). Osteocytes form a complex and 

organized network of interconnected cells throughout the mineralized bone 

matrix that supports bone structure and maintenance (Schiller et al, 2009). 

Under normal conditions, the remodeling process of resorption followed by 

formation is closely coupled (Nancy and Lane, 2006; Morgan et al, 2010). 

This process leads to the maintenance of bone mass and an equilibrated 

balance between bone resorption and formation (Vernejoul, 1998) and 

consequently results in no net change in bone mass (Morgan et al, 2010). 

 

Figure 1.1: Bone remodeling process (Compston and Rosen, 2009). 

Osteoporosis results from an imbalance between osteoblastic and 

osteoclastic activity, in this case, bone resorption significantly exceeds bone 

formation (Abdollahi et al, 2005; Sandukji et al, 2011). The body begins to 
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lose bone more rapidly, leaving the bones weaker and more susceptible to 

fracture (Stucke et al, 2008). 

1.3 Peak bone mass (PBM)  

           Peak bone mass (PBM) corresponds to the amount of bony tissue 

present at the end of skeletal maturation (Bonjour and Rizzoli, 2010). PBM 

can be defined as maximal bone mineral density which increases dramatically 

reaching 80-90% percent in late adolescence that is a major determinant of 

bone mass later in life (Figure 1.2) (NIH, 2015; Yousef, 2015) since the mass 

of bone tissue at any time during adult life is the difference between the 

amount accumulated at maturity and that lost with ageing (Karimi, 2011).  

 

 

 

 

 

 

 

 

 

 

  

 

Figure 1.2: Age-related changes in bone mass in men and women 

(Cooper, 2005). 
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1.4 Overview of osteoporosis 

1.4.1 Definition 

According to the World Health Organization (WHO), OP is defined as: 

"A systemic skeletal disorder characterized by a low bone mass and micro-

architectural deterioration of bone tissue, with a subsequent increase in bone 

fragility and susceptibility to fracture (Bartl and Frisch, 2009)". 

 Figure 1.3 shows normal bone and osteoporotic bone. 

 

 

 

 

   

 

     

 

 

 

Figure 1.3: Normal versus osteoporotic bone (Stucke et al, 2008; Ahmed, 

2011).  

1.4.2 Classification of osteoporosis 

1.4.2.1 Primary osteoporosis 

Primary osteoporosis, the most common form, is not related to other 

diseases or conditions, contrary to secondary osteoporosis (McLeod, 2013), 

and includes juvenile and idiopathic osteoporosis. Idiopathic osteoporosis can 

be further subdivided into postmenopausal (type I) and age-associated or 

senile (type II) osteoporosis (Hania, 2008; McLeod, 2013). 
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A- Juvenile osteoporosis 

Juvenile osteoporosis is rare and occurs in children (Hania, 2008). 

B- Idiopathic osteoporosis 

 Type 1 OP: Type 1 occurs in women after menopause (Kuijck, 

2013). Therefore, this type is known as postmenopausal 

osteoporosis and occurs in 5% to 20% of women, affecting those 

within 15 to 20 years of menopause (Karimi, 2011).  

 Type 2 OP: This type is called age-associated or senile OP and 

occurs in women and men older than 70 years. This form of 

osteoporosis represents bone loss associated with aging (Adler, 

2013).  

1.4.2.2 Secondary osteoporosis 

            Secondary osteoporosis develops as a consequence of the major 

physiopathological effects on the bones of the skeleton of numerous disorders 

and diseases of other organs and tissues in the body (Bartl and Frisch, 2009). 

In various series of osteoporotic patients, secondary OP accounts for about 

40% of the total number of osteoporotic fractures seen by a physician 

(Karimi, 2011). There are a number of diseases and conditions associated 

with increased risk of secondary OP, including hormonal imbalances (eg, 

Cushing's syndrome), cancer (notably multiple myeloma), gastrointestinal 

disorders (especially inflammatory bowel disease causing malabsorption) and 

various other conditions (Ahmed, 2011). In addition, a number of common 

drugs are associated with increased risk of secondary osteoporosis, including 

glucocorticosteroids, anticonvulscents, gonadotrophin-releasing hormone 

agonists and estrogen antagonists (e.g., Tamoxifen) (Brown et al, 2007). 
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1.5 Epidemiology of osteoporosis and related fractures 

           Osteoporosis has been estimated to affect 200 million women 

worldwide, with a third of these women being aged 60 to 70 years and the 

remaining aged over 70 (Frost, 2013). The annual worldwide incidence of 

fracture was estimated to be 1.29 million in l990, and is projected to grow to 

2.6 million by 2025 and to 4.5 million by 2050 (WHO, 2003). The highest 

fracture rates are reported from northern Europe, the northern part of the 

United States, and among Southeast Asian populations, with the lowest rate 

from African countries (Penrod et al, 2008). 

            Approximately three-quarters of the world population reside in Asia 

(Tsai, 2008). Fracture incidence is expected to increase in Asia. The 

incidence is estimated to reach 65,000 by 2020 and almost 175,000 by 2050 

(Mohd-Tahir and Li, 2017).  The cross-sectional study of Gorial et al (2013) 

in Baghdad city/Iraq to assess the prevalence of osteoporosis in Iraqi 

postmenopausal women indicated high prevalence of OP among the study 

population (22.8%). 

           In USA, OP and low bone mass affect an estimated 44 million 

Americans (Celenk and Celenk, 2012) and approximately 1.5 million 

fractures annually are attributable to OP (Davies and Bliziotes, 1998; Ahmed, 

2011). The National Institute for Health and Clinical Excellence (NICE) 

estimates that there are 2 million women who have osteoporosis in England 

and Wales (Ferdous et al, 2015).  

            In Australia approximately 1.2 million people were affected by OP, 

which means that their bones are fragile and at risk of fracture. A further 6.3 

million people have low bone density (osteopenia), a possible precursor to 

OP (Osteoporosis Australia, 2014).  
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1.6 Consequences of osteoporosis  

           Osteoporosis is usually characterized by a reduction in bone strength 

and consequent increase in the risk of fractures (Anderson, 2012). Therefore, 

the main clinical consequence of the disease is bone fractures. It is estimated 

that one in three women and one in five men over the age of fifty worldwide 

will sustain an osteoporotic fracture (Svedbom et al, 2013). Fractures as a 

consequence of OP are a major public health problem (Melton, 2005) that can 

lead to  intense pain and severe disability, causing a reduction in life quality , 

and hip and vertebral fractures are associated with decreased life expectation 

(Ferdous et al, 2015).  

This disease burden will increase due to an aging population. The 

outcomes of fractures are widespread and include an increase in health care 

expenditure as well as a rise in morbidity and mortality due to the disease 

(Melton, 2005).  From an economic perspective, the expenses of hospital care 

and rehabilitation associated with osteoporotic fractures are a considerable 

fiscal drain for the health care system, exceeding those of other highly 

prevalent pathologies of the elderly, such as myocardial infarction (Cashman, 

2007). 

1.7 Risk factors of osteoporosis 

            Risk factors fall into two main categories, modifiable, which are those 

that can be changed, and fixed or non-modifiable, those that can’t be 

changed. Though, there is no way to control fixed risk factors (IOF, 2007). 
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1.7.1 Modifiable risk factors 

1.7.1.1 Diet 

1.7.1.1.1 Protein  

            Protein is a part of the organic matrix of bone for collagen structure 

and is essential to maintain the production of hormones and growth factors 

that modulate bone synthesis (Palacios, 2006). Geddam (2009) in the case-

control study performed on malnutrition and the under nutrition people in 

India showed that less consumption of animal protein is the main risk factors 

for OP. In addition, the association between dietary protein intake and BMD 

was evaluated in the study of Antonio et al (2018) and the result showed that 

higher protein intake had no effect on whole body bone mineral density, 

lumbar bone mineral density, and T-scores. 

1.7.1.1.2 Calcium 

             Calcium is an important nutrient for skeletal health. However, except 

in individual suffering from severe malnutrition or in the very elderly, bone 

loss and OP is not due to calcium deficiency. In growing children, very low 

calcium intake may limit the acquisition of skeletal mass and blunt the 

achievement of optimal bone mass that may increase the risk of OP in later 

life (McClung, 2003).  

Bone acts as a storage reservoir of calcium, and if the concentration in 

the blood falls below normal values (Soliman et al, 2016), the body’s 

regulating hormones respond by removing calcium from the bones for use in 

other essential functions in the body. But when this process continues to 

occur again and again over time, the bones become weakened (Stucke et al, 

2008), because calcium deficiency leads to an incomplete calcification of the 

produced organic matrix (Paz and Bruno, 2006) and subsequently an 

increased chance of OP (Ringle, 2009). Evidence from cross-sectional studies 
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indicates that bone loss occurs exponentially after menopause. For total bone 

calcium, 12 % is lost in the 25 years after menopause and up to 50% of this 

loss occurs in the first ten years postmenopause (Winzenberg, 2006). 

1.7.1.1.3 Vitamin D 

         Vitamin D is essential for strong healthy bones and plays an important 

role in the prevention of OP (Tsai, 2008). Its role is primarily to maintain 

serum calcium and phosphorus levels in the normal range, thus promoting 

bone mineralization (Paz and Bruno, 2006; Pérez-López et al, 2010).  

            With increasing age, there is a decrease in the ability of the skin to 

build precursors of the active vitamin D in the skin when exposed to sun 

(Mauck and Clarke, 2006). At the same time, the ability of kidneys to 

activate 25(OH) D decreases (Salminen, 2007). As a result, inadequate 

vitamin D can contribute not only to accelerated bone loss and increased 

fragility but also to neuromuscular impairment that can increase the risk of 

falls. Therefore, vitamin D deficiency has been found to correlate with a low 

BMD (Figure 1.4) (Hania, 2008).  

Finally, it should be noted that low exposure to sunlight may have a 

high risk of vitamin D deficiency because approximately 90% of vitamin D is 

synthesized in the skin after sunlight exposure. A small amount of vitamin D 

can be absorbed through food intake (Huong, 2012). Furthermore, vitamin D 

system, probably by its effects on calcium bioavailability, could indirectly be 

implicated in the prevention and treatment of osteoporosis (Ferrari et al, 

2000) 
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Figure 1.4: Flowchart of mechanisms leading to low bone mineral 

density and fractures (McLeod, 2013). 

1.7.1.1.4 Sodium 

            Eating salty foods causes the body to lose calcium and can lead to 

bone loss, especially if calcium intake is inadequate (NOF, 2016). Animal and 

human studies have shown that the urinary excretion of calcium increases 

with increasing dietary sodium intake (Pavone et al, 2015). For each 500 mg 

of sodium intake, urinary loss of calcium increase by 4-5 % (Stránský and 

Ryšavá, 2009).  
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1.7.1.1.5 Alcohol consumption 

            Alcohol consumption in high amount has a negative effect on bone 

mass. It increases the risk of fractures by decreasing bone mineral density. It 

also reduces osteoblastic differentiation and activity. It also reduces 

differentiation of osteoblasts and their activity, reduces absorption of calcium 

from the intestine and conversion of vitamin D into its active form (Stránský 

and Ryšavá, 2009). A meta-analysis of Kanis et al (2005) proposed a non-

significant increase in the risk of fracture at intakes of 2 units or less daily, 

but above this, there was an increased risk of any fracture. Also, liver disease 

from heavy alcohol use may alter the way vitamin D is metabolized, which 

may, in turn, impair calcium absorption and result in weakened or abnormal 

bone (Lane, 1999).  

1.7.1.1.6 Caffeine intake 

        Coffee and tea contain caffeine. Subsequently, drinking more than three 

cups of caffeine every day may interfere with calcium absorption and cause 

bone loss (NOF, 2016)  by increasing calcium excretion and reducing 

intestinal calcium absorption, with a net loss of approximately 5 mg calcium 

per cup of caffeine (Huong, 2012).  

1.7.1.1.7 Cola drinks 

           Middle age and older women may want to limit their consumption of 

cola-flavored soft drinks. A regular consumption of these beverages is 

associated with low BMD of hip in postmenopausal women (Hania, 2008). 

  Some studies suggest that colas, but not other soft drinks, are 

associated with bone loss. The carbonation in soft drinks does not cause any 

harm to bone. The caffeine and phosphorous commonly found in colas may 

contribute to bone loss (NOF, 2016). 
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1.7.1.1.8 Antioxidant nutrients 

              Several antioxidant nutrients naturally occurring in foods act to 

lower the activity of free radicals in cells and, therefore, help to prolong the 

lives of the cells, including bone cells. Vitamin C, vitamin E, carotenoids and 

lycopene, selenium, and perhaps other trace element have important roles in 

diminishing the oxidative effects of free radicals-highly reactive oxygen 

species. Finally, many phytochemicals from a wide variety of plant foods, 

especially polyphenolic molecules, have similar roles (Anderson, 2012). 

1.7.1.2 Smoking 

           Cigarette smoke contains many oxidants, free radicals, pro-oxidants 

(Chow, 2001), and organic compounds, such as superoxide and nitric oxide. 

In addition, inhalation of cigarette smoke into the lung also activates some 

endogenous mechanisms, such as accumulation of neutrophils and 

macrophages, which further increase the oxidant injury (Birben et al, 2012). 
Therefore, smoking is recognized as a major risk factor for osteoporotic 

fractures ((Dennison and Cooper, 2007; Melhus et al, 1999). 

1.7.1.3 Physical activity  

          Physical activity in adolescence is beneficial for increasing BMD. 

Baxte-Jones et al (2008) in a prospective study investigated bone mineral 

content (BMC) indicator between 151 physically active adults and compared 

them to their peers. The result suggested that active groups had higher 

adjusted bone mineral content (BMC), as compared to their peers. Studies 

performed on women have shown that moderate to high levels of exercise 

reduce the risk of vertebral and hip fractures (Frost, 2013). 
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1.7.2 Non-modifiable risk factors 

 1.7.2.1 Age 

              Age itself is an important predictor of fracture risk. The risk of 

fracture due to OP doubles every 5-7 years. (Geusens, 1998). Additionally, 

some risk factors of OP are higher among elderly such as immobility, 

diseases, and therapeutic use of glucocorticoids (Agrawal and Verma, 2013). 

1.7.2.2 Gender 

Female gender itself is a significant risk factor for BMD loss and bone 

fracture. Women are at greater risk of OP than men because PBM of women 

is not as high as that of men (Salminen, 2007).  

1.7.2.3 Menopause  

            As a woman enters menopause, ovarian function declines reducing 

production of two hormones, estrogen, and progesterone. One function of 

estrogen is to maintain the normal rate of bone remodeling (Lane, 1999). 

Estrogen protects the bones and it is deficiency increases bone resorption and 

may impair compensatory bone formation (Frost, 2013) because when 

estrogen levels decrease, the bones lose calcium and other minerals at a much 

faster rate. As a result, bone loss of approximately 2% per year occurs for 

several years after menopause (Osteoporosis Australia, 2014).  

Trabecular bone is most affected by menopause because of its high 

turnover rate and because it is most susceptible to estrogen deficiency. As a 

result, trabecular bone becomes thin and eventually perforated or 

disconnected from its surrounding tissue. Over time, when enough bone has 

been disconnected, the trabecular bone weakens. The loss of these trabecular 

connections is one of the reasons that bone becomes weak and eventually 

breaks or fractures (Lane, 1999). 
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1.7.2.4 Race 

             Studies have shown that variations in the incidence of osteoporotic 

fractures can also be explained depending on race. OP is considered to be 

more common amongst the Caucasian and Asian populations and one study 

also showed that vertebral fracture was more prevalent in Japanese women 

than in American Caucasian ones (Kang, 2012). 

1.7.2.5 Drug treatment 

           Many drugs weaken the bones and the most important is cortisone and 

its derivates, the glucocorticoids (Bartl and Frisch, 2009). Glucocorticoids 

have a profound effect on the skeleton by simultaneously suppressing bone 

formation and enhancing bone resorption (Compston and Rosen, 2009). This 

effect is greater at higher doses and with greater duration of use (Woolf and 

Åkesson, 2008). Furthermore, secondary hyperparathyroidism often results 

from impaired calcium absorption. These events lead to uncoupling in the 

remodeling sequence and result in a rapid bone loss, particularly during the 

first 6–12 months of glucocorticoid therapy (Compston and Rosen, 2009). 

1.7.2.6 Previous fractures 

        Epidemiological studies have shown that the history of a previous 

fracture is a potent predictor of future fracture among postmenopausal 

women (Gehlbach et al, 2012). After the first fracture, there are 2-4 times 

greater risk of another fracture occurring within 12 months (Osteoporosis 

Australia, 2014).  

1.7.2.7 Eating disorders 

           Eating disorders such as anorexia and bulimia can dramatically reduce 

calcium intake and accelerate mineral loss from bone. The extreme weight 

loss caused by anorexia and bulimia affects women’s ovaries, which stop 

producing hormones. Estrogen deficiency in younger women contributes to 
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bone loss in much the same way that estrogen deficiency after menopause 

does (IOF, 2007). 

1.7.2.8 Genetics and family history 

             Genetic influence on osteoporosis and BMD is extremely important 

(Ahmed, 2011) because PBM is largely determined by genetic factors 

(Stevenson and Marsh, 2008; Soliman et al, 2016). Heritability explains up to 

80% of the population variance for PBM, and the influence of these genetic 

factors is expressed well before puberty (Ferrari, 2004). 

1.8 Oxidative stress (OS) 

            Oxidative stress (OS) which presumably increases with age is a 

condition of excess formation of free radicals either by physiological or 

pathophysiological processes and states of insufficient antioxidant defense 

(Östman et al, 2009).  

Oxidative stress occurs when the generation of free radicals and active 

intermediates in a system exceeds the system’s ability to neutralize and 

eliminate them (Baek et al, 2010; Rahman et al, 2012). It is generally 

accepted that OS is an inevitable feature of life, induced by reactive forms of 

oxygen released during normal respiration by the oxidative burst of the 

macrophages in response to infection (Dusinská et al, 1999), trauma, 

inflammation and by a variety of exogenous agents including cigarette smoke 

or environmental pollution (Kim et al, 2013). Figure 1.5 shows the role of OS 

in the development of chronic diseases. 
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Figure 1.5: Oxidative stress/antioxidants and chronic diseases (Rao and 

Rao, 2013). 

1.9 Overview of reactive species in biological systems 

1.9.1 Free radical and reactive species 

            Free radicals can be defined as reactive chemical species 

(Bhattacharya, 2015), which are capable of independent existence and 

contained one or more unpaired electrons (Halliwell, 2001). Free radicals 

may be either oxygen-derived (ROS, reactive oxygen species) or nitrogen- 

derived (RNS, reactive nitrogen species) (Shalaby and Shanab, 2013). Both 

groups of reactive species include free radicals that are extremely reactive 

chemical species (atoms, molecules and ions) (Mironczuk-Chodakowska et 

al, 2018). Free radicals oxidize many biological structures, damaging them. 

This is known as oxidative damage, a major cause of aging, cancer, 

atherosclerosis, chronic inflammatory processes and cataracts (Pérez and 

 

 

  



19 
 

 
 

Aguilar, 2013). However, free radicals are not always harmful. They also 

serve a useful purpose in the human body (Bergamini et al, 2004). The 

oxygen radicals in the living system are probably necessary compounds in the 

maturation process of cellular structure. White blood cells release free 

radicals to destroy invading pathogenic microbes as a part of body defense 

mechanism against diseases. Hence, complete elimination of these radicals 

would not only be impossible but also harmful (Kumar, 2011).  

1.9.2 Reactive oxygen species (ROS) 

           Reactive oxygen species (ROS) is a term which encompasses all 

highly reactive, oxygen-containing molecules. ROS are produced by living 

organisms as a result of normal cellular metabolism (Altindag et al, 2008)  

primarily in the mitochondria (Barrera, 2012) and include free radicals such 

as superoxide anion (•O2
-
), per hydroxyl radical (HO2•), hydroxyl radical 

(•OH), nitric oxide (NO), and other species such as hydrogen peroxide 

(H2O2) (Close and Hagerman, 2006), singlet oxygen (
1
O2), hypochlorous acid 

(HOCl), and peroxynitrite (ONOO
−
) (Barrera, 2012).  

At low to moderate concentrations, they function in physiological cell 

processes, but at high concentrations, they produce adverse modifications to 

cell components, such as lipids, proteins, and DNA (Birben et al, 2012). 

These reactive molecules are the most widely studied species and play 

important roles in the pathophysiology of many diseases (Rahman et al, 

2012). In mammalian, the biological sources of ROS are as follows; 

mitochondria (Dhawan, 2014), endoplasmic reticulum, peroxisomes, cytosol, 

plasma membrane, and extracellular space. Major sources of ROS include 

metabolic processes and cellular respiration processes (Ozcan and Ogun, 

2015).  
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1.9.3 Reactive nitrogen species (RNS) 

             Reactive nitrogen species (RNS) is a collective term including nitric 

oxide radical (NO•), peroxynitrite (ONOO
−
), nitrogen dioxide radical (NO2•), 

and other oxides of nitrogen and products arising when NO• reacts with •O
-
2, 

RO•, and H•NO• (Dhawan, 2014). Overproduction of reactive nitrogen 

species is called nitrosative stress. Nitrosative stress may lead to nitrosylation 

reactions that can alter the structure of proteins and so inhibit their normal 

function (Valko et al, 2007). 

1.10 Antioxidants 

1.10.1 Definition  

             Antioxidants are chemical compounds that prevent the oxidation of 

other chemicals. They protect the key cell components by neutralizing the 

damaging effects of free radicals (Shalaby and Shanab, 2013). Antioxidants 

minimize oxidative damage to biological systems either by preventing 

formation of ROS or by quenching ROS before they can react with other 

biomolecules (Close and Hagerman, 2006). 

             Oxidation is a chemical reaction that transfers electron from a 

substance to an oxidizing agent. Oxidation reactions can produce free 

radicals, which start chain reactions that damage cells. Antioxidants terminate 

these chain reactions by removing free radicals intermediates and inhibit 

other oxidation agents such as thiols, ascorbic acid or polyphenols (Partap 

and pandey, 2012). Therefore, they are absolutely critical for maintaining 

optimal cellular and systemic health (Yadav et al, 2016). OP is mediated by 

induction of ROS which has a critical role in the promotion of this disease. 

Therefore, antioxidants that inhibit ROS production have high clinical value 

in the treatment of OP (Sheweita et al, 2014).  
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1.10.2 Classification of anti-oxidants 

           According to their source, antioxidants can be either endogenous 

compound, produced by the organism as part of its ROS defense, or can be 

exogenous compounds acquired from the diet (Close and Hagerman, 2006). 

Endogenous antioxidants, which are products of the body’s metabolism, may 

be enzymatic or non-enzymatic (Pradedova et al, 2011; Mironczuk-

Chodakowska et al, 2018).  

Enzymatic antioxidants involved in the elimination of ROS include 

superoxide dismutase (SOD (Bhattacharya, 2015), catalase, and glutathione 

peroxidase (GPx). Non-enzymatic antioxidants work by interrupting free 

radical chain reactions. Few examples of the non-enzymatic antioxidants are 

vitamin C, vitamin E, plant polyphenol, carotenoids (Nimse and Pal, 2015), 

metal-binding proteins (MBPs) ( e.g. ceruloplasmin), glutathione (GSH), uric 

acid (UA), melatonin (MEL), bilirubin (BIL) and polyamines (PAs) 

(Mironczuk-Chodakowska et al, 2018). 

 1.11 Oxidative stress and osteoporosis in previous studies  

In vitro studies or animal models showed that oxidative stress has an 

important impact on osteoclast differentiation and function. ROS and 

antioxidant system might be involved in the pathogenesis of bone loss (Hall 

et al, 1995; Jannata et al, 2010; Manolagas, 2010). 

The increased reactive oxygen species generation as the form of 

superoxide is attributable to osteoclastic activity in bone disturbance and led 

to the elevated generation of reactive oxygen species that is responsible for 

higher serum malondialdehyde levels (Sendur et al, 2009; Sandukji et al, 

2011). The study of Altindag et al (2008) indicated that oxidative stress 

caused an increase in osteoclastic activity and a decline in osteoblastic 

activity in postmenopausal osteoporosis. As well as, Sharma et al (2015) 

reviewed the correlation between oxidative stress and bone mineral density in 
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postmenopausal osteoporotic women. They found that serum glutathione 

peroxidase, superoxide dismutase, and catalase were lower in osteoporotic 

postmenopausal women rather than control group. In another study, Maggio 

et al (2003) investigated plasma antioxidants in osteoporotic women and 

demonstrated that antioxidant defenses were markedly decreased in 

osteoporotic females. However, Wolf et al (2005) observed that serum 

antioxidants level is not associated with bone mineral density. 
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CHAPTER TWO 

PATIENTS AND METHODS 

2.1 Study design   

A cross-sectional design was used to achieve the study objectives.  

2.2 Study setting 

This study was performed at Duhok Centre of Rheumatic Diseases and 

Medical Rehabilitation.  

2.3 Study period 

The study was established from November 1
st
, 2017 to September 30

th
, 

2018. 

2.4 Study population   

A total of 290 women from various areas of Duhok governorate were 

attend to Duhok Rheumatoid Centre for evaluation of BMD throughout the 

period of performing this study. Out of total population, 150 women who 

were subjected to osteoporosis diagnostic criteria of World Health 

Organization (WHO) and met the inclusion criteria of this study were taken 

into the sample size and went through bone density measurements, physical 

and laboratory examinations.  

2.5 Eligibility 

Inclusion criteria 

These criteria include subjects with the following characteristics: 

 Postmenopausal women 

 Diabetic patients and women on vitamin D and calcium medication. 

https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwjo46qRjMnYAhUDKpoKHSLVB_wQFgg2MAI&url=http%3A%2F%2Fplacesmap.net%2FIQ%2FDuhok-Center-of-Rheumatic-Diseases-Medical-Rehabilitation-110875%2F&usg=AOvVaw2F2eVxWIUQQkuSmt5-HWQ0
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Exclusion criteria 

These criteria include the following conditions: 

 Patients with other metabolic bone diseases 

 Patients with liver diseases 

 Patients with chronic kidneys diseases 

 Patients with gastrointestinal diseases 

 Patients with chronic inflammatory diseases 

 Thalassemia 

 Patients taking antioxidant supplements  

 Patients taking hormones replacement therapy 

2.6 Statistical analysis 

The data were analyzed using statistical package for social science 

(SPSS) software version 23 and expressed as mean ± SD. The 

comparison between multiple groups was carried out using one-way 

analysis of variance (ANOVA) and the Chi-squared test was applied to 

examine categorical variables. Pearson correlation was used to assess the 

relationship between variables. In all tests, a p-value of less than 0.05 was 

considered statistically significant. 

2.7 Ethical considerations 

The study protocols were reviewed and approved by the scientific 

committee of Duhok Polytechnic University / Shekhan Technical College and 

Ethical Committee of General Directorate of Health in Duhok.  

2.8 Questionnaire 

  A questionnaire form was used to collect the required information from 

participants. After informing each subject about the study and taking their 
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consent, the structured questionnaire was filled through direct interview. 

Study variables within the questionnaire form included age, years since 

menopause, height, weight, BMI, waist circumference , patient medication, 

chronic diseases mentioned in exclusion criteria, risk factors which includes 

family history of osteoporosis, sunlight exposure, smoking habits, lifetime 

daily caffeine consumption, physical activity, diabetic patients in addition to 

vitamin D and calcium supplementation.  

2.9 Assessment of study variables: 

2.9.1 Sunlight exposure 

         According to International Osteoporosis Foundation, sunlight exposure 

was assessed as uncovered exposure of the face, hands, and arms to the sun 

for at least 10–15 minutes every day (IOF, 2017). 

2.9.2 Waist circumference (WC) 

          Waist circumference was measured at the midpoint between the lower 

margin of the least palpable rib and the top of the iliac crest, using a stretch‐

resistant tape (WHO, 2008). WC is a risk factor associated with obesity when 

it exceeds 88 cm (35 inches) or higher in women (Canadian Diabetes 

Association, 2013). 

2.9.3 Body mass index (BMI) 

            Body mass index (BMI) was calculated as weight in kilograms 

divided by the square of height in meters (kg/m
2
) and classified as follows 

(Canadian diabetes association, 2013): 

 Healthy: 18.5 kg/m
2
 - 24.9 kg/m

2
 

 Overweight: 25.0 kg/m
2 
- 29.9 kg/m

2
  

 Obese: ≥ 30.0 kg/m
2
 

 

http://www.heartfoundation.org.au/healthy-eating/Pages/waist-measurement.aspx


26 
 

 
 

2.9.4 Smoking 

           According to WHO (1998) guidelines, smoking was divided into two 

main types: 

 Smoker: a person who smokes cigarettes daily or occasionally 

 Nonsmoker: a person who never smoked or had smoked very little in 

the past. 

2.9.5 Physical activity 

           According to WHO (2010) recommendation, physical activity was 

measured as an exercise of at least 30 minutes on five days a week. 

2.9.6 Caffeine intake (coffee + tea) 

          According to International Food Information Council Foundation 

(2008), lifetime daily caffeine intake was placed as:  

 Low caffeine intake (≤ 300 mg/day) or about three cups of caffeine per 

day.  

 High caffeine intake (> 300 mg/day) or more than three cups of 

caffeine per day. 

2.9.7 Serum vitamin D concentrations 

The levels of Vitamin D were classified as follows (Holick, 2009): 

 Deficient: < 10 ng/ml 

 Insufficient: 10 ng/ml- 30 ng/ml 

 Sufficient: 30 ng/ml- 100 ng/ml 

 

2.9.8 Duration of menopause  

According to the duration of menopause, patients were classified into 

four groups: 



27 
 

 
 

 Less than 10 years 

 Ten to 19 years 

 Twenty to 29 years 

 More than or equal to 30 years 

2.9.9 Age 

According to the age, patients were classified into four groups: 

 < 55 years 

 55-65 years 

 ≥ 65 years 

2.10 Diagnosis of osteoporosis 

           Bone mineral density measurement has been the most common test 

used to screen for and diagnose osteoporosis (Kling et al, 2014). It measures 

the amount of calcium per unit area (g/cm
2
) or per unit volume (g/cm

3
) in the 

bone. Results of BMD tests are expressed as T-score and Z-score (Medical 

Advisory Secretariat, 2006).  

 T-score; is defined as the difference in the number of SDs 

between the value for an individual and the mean value of a 

group of young (usually 25-45years old) adults of the same sex 

(Shepherd et al, 2003; Frost, 2013; Doroudinia and Colletti, 

2015).  

 Z-score; is defined as the number of SDs below or above the 

mean BMD value for people of the same age (Lewiecki and 

Borges, 2006; Agrawal and Verma, 2013). 

 

 

 

 



28 
 

 
 

2.10.1 Interpretation of BMD results 

Based on BMD, World Health Organization set the following guideline 

for assessing and diagnosing osteoporosis (Salminen, 2007; Stucke et al, 

2008; Geddam, 2009; Ringle, 2009; Huong, 2012; NOF, 2013): 

 Normal: A BMD not more than 1 standard deviation (SD) below the 

young adult normal mean value (T-score ≥ -1).  

 Osteopenia (or low bone mass): A BMD between 1 and 2.5 SD below 

the young adult normal mean value (T-score < -1 and > -2.5). 

 Osteoporosis: A BMD 2.5 or more SD below young adult normal mean 

value (T-score ≤ -2.5). 

 Established or severe osteoporosis: T-score ≤ -2.5 and the presence of 

one or more fragility fractures. 

2.10.2 Measurement of BMD  

        Total body, lumbar vertebrae (L2-L4) and pelvis BMD of all 

participants were quantitatively assessed using dual-energy X-ray 

absorptiometry (DEXA) (Stratos, MEDIX 90, France).  DEXA is a 

quantitative radiological procedure for measuring the BMD (Lewiecki et al, 

2016; Sözen et al, 2017) and it is used for diagnosis and screening of both 

osteoporosis and osteopenia and. DEXA also can be used for estimating the 

risk of fracture and to monitor the response to treatment. (Masud et al, 1993; 

Ramos et al, 2012; Nimse and Pal, 2015). 

  DEXA is considered as the golden standard for diagnosis of OP 

(Geusens, 1998; Mauck and Clarke, 2006) because of its precision, accuracy 

and low radiation dose (NOF, 2013; Isanejad, 2014). In addition, WHO 

classification of BMD for the diagnosis of OP is based primarily on reference 

data obtained by DEXA (Lodder et al, 2004). 
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DEXA is based on the absorption of X-rays by the calcium in bone tissue 

(Davies and Bliziotes, 1998; Kuijck, 2013; Sheu and Diamond, 2016)  and it 

is responsible for analyzing various skeletal regions of interest depend on the 

size and shape and volumetric density of the measured bones (Matkovic et al, 

2004). The typical sites for DEXA measurement are at the spine, hip, 

forearm, and total body (Ringle, 2009).  

DEXA uses two X-ray beams of different energy levels that are 

absorbed differently by bone mineral and soft tissues. The method depends 

on measurement of the transmission of X-rays with high and low photon 

energies through various tissues in the body. The principle is based on the 

fact that absorption of X-rays in any material such as bone mineral and soft 

tissue (fat and muscle) is dependent on the X-ray energy as well as on the 

elemental composition of the attenuating material. Therefore, DEXA can 

accurately measure bone within soft tissue by separating the attenuation of 

transmission due to bone from that due to soft tissue (Albogami, 2014). 

2.11 Materials and chemicals 

 Thiobarbituric acid solution 

 Trichloroacetic acid solution 

 Phenol-sodium phosphate buffer solution 

 Sodium hydroxide solution 

 P-phenylenediamine solution 

 Sodium acetate tri-hydrate solution 

 Sodium azide solution  

 Total bilirubin kit (Biolabo SAS 02160, Maizy, France) 

 Vitamin D ELISA kit (bioactivia diagnostic GmbH) 

 Calcium kit (Biolabo SAS 02160, Maizy, France) 

 Total cholesterol kit (Biolabo SAS 02160, Maizy, France). 
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 Triglyceride kit (Biolabo SAS 02160, Maizy, France). 

 Cholesterol-HDL Kit (Biolabo SAS 02160, Maizy, France). 

2.12 Instruments and equipment 

 Micro-plate ELISA reader (RT-2100C) 

 High sensitive spectrophotometer (Shimadzu, UV-120-01, Japan) 

 Centrifuge (KOKUSAN, H-19F) 

 Water bath(Memmert, WNB 7, Germany)  

 pH-meter (JENWAY-3505)  

 Incubator (Memmert 845 Schwabach, Germany) 

 Magnetic stirrer (Stuart, heat stir, UC-152) 

 Sensitive balance (DENVER IN) 

 Micro-pipette 

 Multi- pipette 

 Syringes 

 Yellow top gel tubes  

 Deep freezer for sample storage 

2.13 samples collection 

First, weight was measured for each individual by mechanical patient 

weighing scales/ dial/column type / with height rod and the subject in 

standing position taking off heavy clothes and without shoes, as well as the 

height was taken without shoes in a standing position. An overnight fasting 

blood specimen of approximately 8 ml was drawn from participants by 

venipuncture. Blood samples were placed into a yellow top serum separating 

gel tube containing clot activator with 8 ml capacity. After clotting at room 

temperature, the tubes were centrifuged at 4000 rpm for 15 minutes to 

acquire serum samples.  
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The tests were performed within 24 hours of blood collection at the 

Central Public Health Laboratory in Duhok for detemination of total 

cholesterol (Allain et a1, 1974), low density lipoprotein (Friedewld et al, 

1972), high density lipoprotein (Tietz, 1999), triglycerides (Fossati and 

principle, 1982; Trinder, 1969), very low density lipoprotein (Wilson et al, 

1981) and calcium (Moomhead and Briggs, 1974). Then, the remaining 

serum samples were portioned appropriately and kept in labeled eppendorf 

tubes at -20 °C for later examination of Vitamin D (Holick, 2009), 

ceruloplasmin (Menden et al, 1977), malonyledialdehyde (Nortin el al, 2006), 

total bilirubin (Malloy and Evely, 1937; Walters and Gerarde,1970) and 

peroxynitrite (Vanuffelen et al, 1998). All biochemical parameters were 

estimated by spectrophotometric methods except vitamin D which was 

determined by ELISA. 

2.14 Biochemical analysis 

2.14.1 Determination of oxidative stress parameters 

2.14.1.1 Serum malondialdehyde (MDA) 

Method:   

 It is an optical method described by (Nurten et al, 2006).  

Principle: 

            MDA can react with thiobarbituric acid to produce a pink chromogen. 

This pink product which was determined spectrophotometrically at 532 nm is 

a useful indicator for lipid peroxidation. 

Reagent preparation: 

1. Hydrochloric acid (HCI): 25 ml of (0.25 N).   

2. Thiobarbituric acid (TBA) solution: prepared by adding 0.4 g of TBA 

to 10 ml of (0.25N) HCI. 
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3. Trichloroacetic acid (TCA) solution: prepared by adding 30 g of TCA 

to 200 ml of DW.  

Procedure: 

In a 10 ml centrifuge test tube, 50 µl of serum was mixed thoroughly 

with 50 µl of TBA followed by addition of 1ml of TCA. Then, the solution 

was heated for about 20-30 minutes in a boiling water bath. After direct 

cooling, centrifugation was carried out at 4000 rpm for 2 minutes. Finally, the 

absorbance of the colored supernatant was read at 532 nm  

Note: Molar extension coefficient of MDA = 1.65 *10
5
 M

-1
.cm

-1 
  

Reference value:  < 1.2 nmol/ml 

2.14.1.2 Serum peroxynitrite (PN) 

Method: 

Photometric method modified by Vanuffelen et al (1998). 

Principle: 

Peroxynitrite radical catalyzes nitration of phenol to yield nitrophenol 

with an absorption maximum at 412 nm. 

Reagent preparation: 

 Phenol: 5 mM 

 Sodium hydroxide NaOH: 0.1M 

 Sodium phosphate buffer (pH=7):                         

The buffer was made by adding 0.16 g of monosodium phosphate 

monohydrate and 1.04 g disodium phosphate, heptahydrate to 100 ml 

of DW.  

 The mixture of  Phenol and buffer solution: 

The mixture was made through addition of 0.047 g of phenol to 100 ml 

of the prepared buffer solution.  
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Procedure: 

Serum (0.6 ml) was shaken with 1.4 ml of a mixture of phenol and 

sodium phosphate buffer in 8 ml test tube. Then test tubes were placed in an 

incubator set at 37ºC for about 2 hours followed by addition of 15 µl of 

NaOH. Finally, the absorbance was read at 412 nm.  

Note: Molar extinction coefficient of Peroxynitrite = 4400 M
-1

.cm
-1

 

Reference value:   ≤ 1.4 mmol/L 

2.14.1.3 Serum ceruloplasmin (CP) 

Method: 

This method is a colorimetric method modified by Menden et al 

(1977). 

Principle: 

Ceruloplasmin mediates oxidation reaction of P- phenylenediamine, 

resulting in the formation of a blue-violet solution. Determination of blank 

values was established at 0 °C after inactivation of the enzyme by sodium 

azide. 

Reagents preparation: 

 Crystalline P-phenylenediamine: 50 mg 

 Glacial acetic acid:1 ml 

 Sodium acetate tri-hydrate: 8.15 g 

 Sodium azide:100 mg 

 Substrate solution (pH = 5.25 at 25 °C): 

To prepare this solution, 50 mg of crystalline P-phenylenediamine was 

dissolved in a mixture of 5 ml distilled water and 1 ml of glacial acetic 

acid. In another container, 8.15 g of sodium acetate tri-hydrate was 

dissolved in 30 ml of DW, and then this solution was added to the first 
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solution and the volume was completed to 50 ml. The final solution 

was stable for 3 hours and represents the substrate solution. 

Note: A new solution must be prepared every day.  

 Inactivating solution: 

To prepare this solution, 100 mg of sodium azide was added to 500 ml 

of DW and mixed gently for complete dissolution. Until use, the 

solution was kept refrigerated. 

Note: A new solution must be prepared every weak 

Procedure:  

Sample preparation: 

 In 8 ml test tubes in a rack placed within the ice-water bath, 0.1 ml of 

serum was mixed with 1 ml of substrate solution, after rapidly shaken; the 

test tubes were incubated for 15 minutes at 37 °C. When this time was over, 

the rack holding the test tubes was placed in the ice-water bath and mixed for 

30 seconds. Then, 5 ml of inactivating solution was added as desired and the 

test tube contents were mixed by inversion and brought to 25 °C in an 

incubator. Finally, the absorbance was read at 532 nm. 

Blank preparation: 

In the ice-water bath, the blank was made for each sample by mixing 

100 µl of serum, 1 ml of substrate solution and 5 ml of inactivating solution. 

After incubation for 15 minutes at 37 °C, the blank tubes were placed in the 

ice-water bath and mixed for 30 seconds and brought to 25 °C in an incubator 

and the absorbance was read at 532 nm.  

Note: molar extinction coefficient of ceruloplasmin = 0.68 M
-1

.cm 

Reference value: 25-50 mg/ml 
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2.14.1.4 Serum total bilirubin  

Method: 

It is an enzymatic colorimetric method described by (Malloy and 

Evelyn, 1937) and modified by (Walters and Gerarde, 1970). 

Assay principle: 

Bilirubin reacts with diazotized sulfanilic acid yielding a colored 

compound (azobilirubin) in a very acidic or basic medium. Malloy-Evelyn 

principle modified by Walters and Gerarde (1970): in an aqueous solution, 

only direct bilirubin reacts. To enable the assay of TB, it is necessary to break 

the link between unconjugated bilirubin and albumin. This is achieved by 

addition of dimethylsulfoxide (DMSO). The absorbance of azobilirubin 

formed is proportional to the concentration of bilirubin and can be recorded 

at 550 nm.  

Reagents: 

Vial R1: Total bilirubin 

Sulfanilic acid.                                                             30 mmol/L 

DMSO (Dimethyle sulfoxide).                                        7 mol/L 

Hydrochloric acid.                                                      130 mmol/L 

Vial R2: Direct bilirubin  

Sulfonic acid.                                                             30 mmol/L 

Hydrochloric acid.                                                     130 mmol/L 

Vial R3: Nitrite solution 

Sodium nitrite.                                                           0.74 mmol/L 
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Manual procedure: 

The manual procedure was carried out at room temperature. The 

absorbance was recorded at a wavelength of 550 nm. 

 Total bilirubin Direct bilirubin 

 Blank Assay Blank Assay 

Reagent R1 1mL 1mL   

Reagent R2   1ml 1ml 

D.W 50µl  50µl  

Reagent R3  50µl  50µl 

Mix 

Specimen 100µl 100µl 100µl 100µl 

Mix well and stand for 5 minutes. Read absorbance against the reagent 

blank.  

 

Reference value: 0.3- 1.2 mg/dl 

2.15 Vitamin D 

Method: 

The Vitamin D assay is a solid phase enzyme-linked immunosorbent 

assay (ELISA) (Holick, 2009). 

Assay principle: 

The kit is on the principle of competitive binding. At room 

temperature, standards, controls and serum samples were incubated for 90 

minutes with vitamin D-Biotin conjugate in micro-titration wells coated with 

a fixed-amount of anti-vitamin D antibody. During the incubation, a fixed 

amount of biotin –labeled vitamin D competes with the endogenous vitamin 

D in the standards, controls and serum for a fixed number of biotin sites on 

the anti-vitamin D antibody. Following a wish step, bound vitamin D-Biotin 
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is detected with Streptavidin-HRP (SA-HRP). SA-HRP conjugate 

immunologically bound to the well progressively decreases as the 

concentration of vitamin D in the specimen increases. A wash step was 

followed to remove unbound SA-HRP conjugate. After washing, the wells 

were incubated with a solution of tetra methyl benzidine (TMB) reagent at 

room temperature for 30 minutes in order to produce the blue color. Then an 

acidic stopping solution was added and the absorbance is measured 

spectrophotometrically at 450 nm. Usually, the absorbance is directly 

proportional to the concentration of vitamin D in the sample. A standard 

curve was plotted via a set of vitamin D standard solutions versus absorbance 

from which the concentration of vitamin D in the unknown samples could be 

calculated.  

Reagents: 

1-Micro-well plate coated with anti-Vitamin D: 

The micro-well plate containing 96 Microtitration wells coated with 

anti-vitamin D monoclonal antibody, stored at 2-8º C.   

2. Vitamin D standard:  

Seven vials, labeled B-F with a concentration of about 0, 2.5, 5, 15, 35, 

70 and 150 ng/ml of vitamin D, stored at 2-8º C and protected from light. 

3. Vitamin D controls:  

Two vials, 1 ml each, levels 1 and 2 containing low and high 

concentration of vitamin D. 

4-Biotinylated 25 (OH) D reagents: 

One vial containing 0.5 ml of reagent.  

5-Streptavidin-HRP 

One bottle with a volume of approximate 23 ml. stored at 2-8º C. 
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5-Assay diluent 

One bottle with a volume of approximate 24 ml. stored at 2-8º C. 

6. TMB substrate solution: 

Two bottles of 12 ml, filled with a solution of tetra methyl benzidine 

(TMB) in citrate buffer with hydrogen peroxide, stored at 2-8º C. 

6. Wash concentrate: 

One bottle of 25 ml containing buffered saline with a nonionic 

detergent. Before use, it was diluted 20 folds with DW, and stored at (25º C) 

or 2-8 ºC. 

7. Stop solution: 

One bottle with 12 ml solution, stored at 2-8 ºC. 

Note: 

 All reagents and samples were mixed gently and brought to room 

temperature before use. 

Reagent preparation: 

The following reagents were prepared before starting the test: 

1. Standards and reagents: 

The needed volume of standards and reagents were equilibrated to room 

temperature before use. 

2. 1X Biotin conjugate:  

1X working solution was prepared at 1:51 with assay diluent before use. 

3. 1X Wash Buffer was prepared by adding the contents of the bottle (25 ml. 

20X) to 475 ml of distilled water. 

Procedure: 

After bringing all reagents and specimens to room temperature before 

use, standards and controls were mixed completely without foaming.  
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1. By marked micro-titration strips, add 10µl of each 25-OH Vitamin D 

standards, controls and samples to each well. 

2. Dispense 200 µl of working solution of biotinylated 25 (OH) D reagents 

into each well. 

3. The wells content were mixed carefully for 20 seconds using a plate shaker 

at 200-400 RPM (or equivalent motion) and incubated for 90 minutes at room 

temperature.  

4. Wash: 

Each well washed three times with washing solution, and each time the wells 

strike sharply on absorbent paper to remove residual droplets. 

5. Add 200 µl of enzyme conjugate (Streptavidin-HRP) into each well 

followed by incubation for 30 minutes at room temperature. 

6. Wash:  

Each well washed three times with the washing solution, and each time the 

wells strike sharply on absorbent paper to remove residual droplets. 

7. Pipet 200 µl of TMB substrate solution into each well using a multi-

channel pipette. Incubate for 30 minutes at room temperature.  

8. add 50 µl of stop solution to each well and mix plate contents for 20-30 

seconds. 

9. The absorbance was read within 10 minutes of adding the Stop solution on 

ELISA reader at 450 nm. 

10. Normal range: 30-100 ng/ml. 

2.16 Calcium 

Method: 

Optical method uses CPC (O-Cresol Phthalein Complexone) and it was 

described by Moomhead and Briggs (1974).  
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Principle: 

In alkaline medium, CPO reacts with calcium ions to form a dark-red 

colored complex measured spectrophotometrically at 570 nm. 8-hydroxy-

quinoline was added to avoid the interference by magnesium.  

Reagents: 

 R1: Buffer                                                       

Amino-2-methyl-2-propanol-1                               pH 11, 1.70 mol/L 

Hydrochloric acid                                                    210 mmol/L  

 R2: Chromogen 

O-Cresol Phthalein Complexone  (CPC)                78µ mol/L 

Hydroxy-8-Quinoline                                             3.36 mmol/L 

Hydrochloric acid                                                   25 mmol/L 

 R3: Standard 

  Calcium                                                         10 mg/dL (2.5mmol/L) 

Specimen: Serum  

Reagent preparation: 

In a test tube, 1 volume of vial R1was added to 1volume of vial R2 

then mixed well. 
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Manual procedure: 

The manual procedure was carried out at room temperature. The 

absorbance was recorded at a wavelength of 570 nm. 

 Blank
 

Standard Assay 

Reagents 1000 µl 1000 µl 1000 µl 

D.W 25µl _ _ 

Standard _ 25µl _ 

specimen _ _ 25µl 

Mix well and stand for 5 minutes. Read absorbance against  blank 

 

Reference value: 8.6-10.3 mg/dl 

2.17 Serum lipid profile 

2.17.1 Serum total cholesterol  

Method: 

This method is an enzymatic colorimetric method described by Allain 

et a1 (1974). 

Principle: 

Cholesterol esters 
Cholesterol Esterase
→              Free fatty acid + Cholesterol  

Cholesterol + O2   

Cholesterol Oxidase
→              H2O2 + Cholesterol 4 one 3 

Phenol+2H2O2+4-amino-antipyrine 
           
→        Quinoneimine (pink) +4 H2O 

Reagents: 

R1: Buffer  

Phosphate buffer                                          100 mmol/L 

Chloro-4-phenol                                             5 mmol/L 

Sodium cholate                                            2.3 mmol/L 

Triton * 100                                                 1.5 mmol/L 
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Preservative 

R2: Enzymes 

(CO) Cholesterol oxidase                                ≥100 IU/l 

(CE) Cholesterol esterase                                ≥170 IU/L 

(POD) Peroxidase                                         ≥1200 IU/L 

(PAP) 4-amino-antipyrine                            0.25 mmol/L 

PEG 6000 serum                                          167 µmol/L 

R3: Standard 

Cholesterol 200 mg/dl                                   5.17 mmol/L 

Reagent preparation:  

After addition of vial R2 content to vial R1, the solution mixed 

thoroughly for complete dissolution. 

Procedure: 

The manual procedure was accomplished at room temperature using 

the wavelength 500 nm. 

 Blank
 

Standard Assay 

Reagents 1000 µl 1000 µl 1000 µl 

D.W 10µl _ _ 

Standard _ 10µl _ 

specimen _ _ 10µl 

Mix and read absorbance after 10 min against the reagent blank. 

 

Reference value: < 200 mg/dl 
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2.17.2 Serum triglyceride  

Method: 

 It is an enzymatic colorimetric method described by Fossati and 

principle (1982) and Trinder (1969). 

Principle: 

Triglycerides   
                  
→               Free fatty acid + Glycerol 

Glycerol + ATP     
               
→              Glyserol 3 phosphate + ADP 

 Glyserol-3-phosphate + O2 

        - -                 
→                       Dihydroxyacetone 

phosphate + H2O2 

H2O2 + PAP + 4-chlorophenol  
Peroxidase
→        H2O + Quinoneimine (pink)  

Reagents: 

R l: Buffer    

Pipes                                                                100 mmol/L 

Magnessium chloride                                       9.8 mmol/L 

Chloro-4-phenol                                              3.5 mmol/L 

Preservative 

 R2: Enzymes 

Lipase                                                                 ≥1000IU/L 

(POD) Peroxidase                                              ≥1700IU/L 

(GPO) Glycerol 3 phosphate oxidase                 ≥1200 lU/L 

(GK) Glycerol Kinase                                         ≥6601U/L 

 (PAP) 4-amino-antipyrine                                0.5 mmol/L 

(ATP) Adenosine tri phosphate Na                   1.3 mmol/L 

R3: Standard 

Glycerol                                                       200 mg/dl (2.28 mmol/L) 
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Reagent preparation: 

The content of vial R2 was added to vial R1 and then the solution 

mixed thoroughly for complete dissolution. 

Procedure: 

The manual procedure was done at room temperature using the 

wavelength 500 nm. 

 Blank
 

Standard Assay 

Reagents 1000 µl 1000 µl 1000 µl 

D.W 10µl _ _ 

Standard _ 10µl _ 

Specimen _ _ 10µl 

Mix and read absorbance after 10 minutes against the reagent blank. 

 

Reference value: 40-160 mg/dl 

2.17.3 High-density lipoprotein-cholesterol (HDL)  

Method: 

It is an enzymatic colorimetric method. 

Principle:  

Phosphotungstic acid (PTA) and magnesium chloride were used to 

precipitate chylomicrons, very low density (VLDL) and low-density 

lipoproteins (LDL) from specimens. After centrifugation, HDL was obtained 

and measured using total cholesterol reagent (Tietz, 1999). 

Reagents: 

R1: Precipitant 

Phosphotungstic acid (PTA)                                      13.9 mmol/L 
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Magnesium chloride                                                   570 mmol/L 

R2: Standard 

Cholesterol                                                 100 mg/dl (2.58 mmol/L 

Procedure: 

The manual procedure was done at room temperature using the 

wavelength 500 nm. 

Procedure A: precipitation step 

 Macro-method
 

Micro-method 

Specimen 1000 µl 500 µl 

Precipitant R1 * 100µl 50 µl 

Mix and stand for 10 minutes followed by centrifugation at 3500-4000 

RPM for 15 minutes. 

 

Procedure B: a measurement step 

 Blank
 

Standard Assay 

Reagents 1000 µl 1000 µl 1000 µl 

D.W 25µl _ _ 

Standard 100 mg/dl _ 25µl _ 

Supernatant * _ _ 25µl 

Mix and read absorbance after 10 minutes against the reagent blank. 

 

R1 *: reagent from cholesterol kit 

Supernatant *: from procedure A 

Reference value: 40-60 mg/dl 
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2.17.4 Very low-density lipoprotein-cholesterol (VLDL) 

The level of VLDL cholesterol in the serum was determined from the 

result of triglyceride divided by five as explained in the following equation 

(Wilson et al, 1981). 

VLDL (mg/dl) = 
            

 
 

 2.16.5 Low-density lipoprotein-cholesterol (LDL) 

The level of LDL-C in the serum usually can be calculated from the 

results of total cholesterol, triglyceride and HDL-cholesterol concentrations 

using Friedewald’s formula (Friedewld et al, 1972). 

LDL (mg/d1) = TC- (VLDL + HDL) 

Friedewald’s equation should not be used in the case of: 

 Samples having TG concentration above 400 mg/dl  

 Non-fasting sample (sample contain a significant amount of 

chylomicrons) 
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CHAPTER THREE 

RESULTS 

3.1 General characteristics of study population 

              A total of 150 Caucasian women were enrolled in this study. By 

WHO classification, participants were divided into three groups, group1 

included 18 healthy women with the mean age of (51.33 ± 6.30) and 

represented 12% of the study population, group 2 included 78 women 

determined as having osteopenia with the mean age of (55.67 ± 8.59) and 

represented the higher percentage (52%) of the study population. 

Osteoporosis was determined in 54 women who represented group 3 with the 

mean age of (67.13 ± 7.86) and represented 36%. In general, the percentage 

distribution of the three groups is shown in Figure 3.1. 

 

 

Figure 3.1: The percentage distribution of participants groups 
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General characteristics of study population are elucidated in Table 3.1. 

Women with osteoporosis and osteopenia presented significantly higher 

mean values of age and menopause duration in comparison with control 

groups (P < 0.01). Osteoporotic and osteopenic women presented 

significantly lower mean values of BMI, BMD and corresponding T-score 

compared to the healthy group. On the contrary, there was no significant 

variation in total body fat percentage (TBF %) and waist circumference (WC) 

across the groups (P > 0.05).  

Table 3.1: General characteristics of study population 

 

 

Variables 

  

Mean ± SD 

 

 

P-value 
Control 

(n=18) 

Osteopenia 

(n=78) 

Osteoporosis 

(n=54) 
 

Age (years) 

 

51.33 ± 6.30 

 

55.67 ± 8.59 

 

67.13 ± 7.86 

 

< 0.001 

 

Duration of 

menopause (years) 

 

2.50 ± 3.28 

 

8.21 ± 8.27 

 

19.72 ± 9.61 

 

< 0.001 

 

TBF % 

 

45.68 ± 4.59 

 

45.77 ± 4.43 

 

45.81 ± 5.49 

 

NS 

 

BMI (Kg/m
2
) 

 

35.54 ± 5.66 

 

31.98 ± 4.84 

 

31.30 ± 6.60 

 

0.022 

 

WC (Cm) 

 

113.22 ± 9.84 

 

107.29 ± 12.80 

 

106.85 ±14.36 

 

NS 

 

Total BMD (g/cm
2
) 

 

0.93 ± 0.05 

 

0.79 ± 0.35 

 

0.65 ± 0.07 

 

< 0.001 

 

Total BMD T-score 

 

-0.57 ± 0.41 

 

-1.80 ± 0.31 

 

-3.03 ± 0.59 

 

< 0.001 

 

L-spine BMD (g/cm
2
) 

 

1.07 ± 0.11 

 

0.901 ± 0.09 

 

0.723 ± 0.09 

 

< 0.001 

 

L-spine BMD T-score 

 

-0.91 ± 0.80 

 

-2.16 ± 0.64 

 

-3.48 ± 0.67 

 

< 0.001 

 

Pelvis BMD (g/cm
2
) 

 

1.09 ± 0.09 

 

0.88 ± 0.08 

 

0.73 ± 0.09 

 

< 0.001 

 

Pelvis BMD T-score 

 

-0.76 ± 0.67 

 

-2.29 ± 0.42 

 

-3.49 ± 0.65 

 

< 0.001 
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3.2 Comparison of biochemical characteristics in study 

population 

               Table 3.2 shows significantly higher serum levels of TC, TG, and 

LDL in postmenopausal osteoporotic and osteopenic women compared to 

non-osteoporotic women (P=0.05). However, there were no significant 

differences in serum levels of vitamin D, calcium, HDL and VLDL (P > 

0.05) among the groups. 

Table 3.2: Arithmetic means of biochemical parameters in study 

population 

 

 
 

 

Mean ± SD 

 

 

P-value 
 

Control 

(n=18) 

 

Osteopenia 

(n=78) 

 

Osteoporosis 

(n=54) 

 

Vitamin D 

(ng/ml) 

 

19.08 ± 7.74 

 

20.00 ± 9.99 

 

20.39 ± 11.25 

 

 

NS 

 

Calcium 

(mg/dl) 

 

9.85 ± 0.66 

 

9.97 ± 0.61 

 

9.90 ± 0.48 

 

 

NS 

 

TC (mg/dl) 

 

199.20 ± 26.78 

 

208.90 ± 32.13 

 

220.36 ± 33.13 

 

 

0.038 

 

TG (mg/dl) 

 

170 ± 54.60 

 

180.8 ± 71.80 

 

209.02 ± 65.90 

 

 

0.047 

 

HDL 

(mg/dl) 

 

48 ± 13.29 

 

52.66 ± 14.59 

 

51.376 ± 14.70 

 

 

NS 

 

LDL 

(mg/dl) 

 

109.00 ± 24.82 

 

126.15 ± 32.33 

 

130.04 ± 31.97 

 

 

0.05 

 

VLDL 

(mg/dl) 

 

38.89 ± 15.33 

 

35.95 ± 14.35 

 

37.15 ±15.33 

 

 

NS 
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3.3 Serum vitamin D levels in studied population 

Results of serum vitamin D levels in study population show that 14.7% 

of women were vitamin D deficient and below10 ng/ml with Mean ± SD 

(7.626 ± 1.487), while the percentage of women determined as having 

vitamin D insufficient was 70% with vitamin D levels between 10-29 ng/ml 

and Mean ± SD (18.207 ± 5.276) . Finally, women with vitamin D sufficient 

represented 15.3% with vitamin D levels ≥ 30 ng/ml and Mean ± SD (41.182 

± 11.308). In general, these findings demonstrate the high prevalence of 

vitamin D deficiency among study population as shown in Table 3.3. 

 

Table 3.3: Serum vitamin D levels in studied population 

 

 

 

 

Serum vitamin D ng/ml 

 

  

≥ 30 ng/ml 

 

 

10-29 ng/ml 

 

< 10 ng/ml 

 

vitamin D 

levels 

 

Sufficient 

 

Insufficient 

 

 

Deficient 

 

n (%) 

 

 

22 (15.3%) 

 

105 (70%) 

 

23 (14.7%) 

 

Mean ± SD 

 

 

41.182 ± 11.308 

 

18.207 ± 5.276 

 

7.626 ± 1.487 
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3.4 Oxidative stress parameters in study population 

Regarding oxidative stress parameters, characteristics of the 

participant's groups are illustrated in Table 3.4. Osteoporosis and osteopenia 

appear to be associated with higher mean values of serum MDA, PN and CP 

as compared to the healthy women (P < 0.001). On the other hand, there were 

no significant differences in serum levels of TBIL between groups (P > 

0.001). 

Table 3.4: Arithmetic mean of oxidative stress parameters in study 

population 

 

 

OS 

parameters 

 

Mean ± SD 

 

 

 

 

P-value  

Control 

(n=18) 

 

Osteopenia 

(n=78) 

 

Osteoporosis 

(n=54) 

 

MDA 

(nmol/ml) 

 

0.757 ± 0.179 

 

1.086 ± 0.246 

 

1.591 ± 0.271 

 

 

< 0.001 

 

PN  

(mmol/L) 

 

0.975 ± 0.278 

 

1.131 ± 0.311 

 

1.808 ± 0.457 

 

 

< 0.001 

 

CP  

(mg/ml) 

 

20.750 ± 5.458 

 

23.190 ± 7.341 

 

27.220 ± 8.687 

 

 

< 0.001 

 

TBIL  

(mg/dl) 

 

0.622 ± 0.251 

 

0.746 ± 0.316 

 

0.776 ± 0.323 

 

 

NS 
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3.5 Relationship between oxidative stress parameters and BMD   

According to Pearson correlation coefficient, serum MDA had a 

significant negative correlation with total BMD (Figure 3.2) and L-spine 

BMD (Figure 3.3) in osteoporotic group. However, no relation was found 

between MDA and pelvis BMD values. Serum PN, CP and TILB presented 

no significant relation with measured total, L- spine and pelvis BMD. 

 In osteopenia, serum oxidative stress levels exerted no significant 

correlation with bone mass density at all sites (Table 3.7) 

Table 3.5: Pearson correlation coefficients for the association of 

oxidative stress parameters with BMD  

 

 

 

OS 

markers 

 

Pearson correlation coefficients (r) 

 

 

Osteoporosis 

(n=54) 

 

 

Osteopenia 

(n-78) 

 

Total 

BMD 

 

L-spine 

BMD 

 

Pelvis 

BMD 

 

Total 

BMD 

 

L-spine 

BMD 

 

Pelvis 

BMD 

 

MDA 

(nmol/ml) 

 

 

-0.307* 

(P=0.024) 

 

-0.387** 

(P =0.004) 

 

-0.226 

(P =0.101) 

 

-0.215 

(P =0.384) 

 

-0.200 

(P =0.079) 

 

-0.010 

(P =0.589) 

 

PN 

(mmol/L) 

 

 

-0.110 

(P =0.428) 

 

-0.232 

(P =0.092) 

 

-0.177 

(P =0.201) 

 

-0.211 

(P =0.380) 

 

-0.025 

(P =0.384) 

 

-0.130 

(P =0.384) 

 

CP 

(mg/ml) 

 

 

-0.248 

(P =0.070) 

 

-0.147 

(P =0.288) 

 

-0.209 

(P =0.129) 

 

-0.206 

(P =0.070) 

 

-0.178 

(P =0.118) 

 

-0.034 

(P =0.768) 

 

TBIL 

(mg/dl) 

 

 

0.118 

(P =0.395) 

 

0.126 

(P =0.363) 

 

0.034 

(P =0.809) 

 

-0.075 

(P =0.384) 

 

-0.039 

(P =0.384) 

 

-0.026 

(P =0.384) 

** Correlation is significant at 0.01 levels  

* Correlation is significant at 0.05 levels  
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Figure 3.2: Correlation analysis between MDA and total BMD in osteoporotic 

women 

 

 

 
 

Figure 3.3:  Correlation analysis between MDA and L-spine BMD in 

osteoporotic women 
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3.6 Osteoporosis-related risk factors 

According to Chi-square distribution, examination of categorical 

variables in the study population indicated that only caffeine (coffee + tea) 

consumption appeared to have a significant negative effect on BMD (P < 

0.05). Family history of disease, sunlight exposure, smoking habit, physical 

activity, taking vitamin D supplementation, use of calcium treatment and 

diabetes mellitus illustrated non-significant association with osteoporosis (P 

> 0.05) (Table 3.8). 

Table 3.6: Osteoporosis-related risk factors in postmenopausal women 
 

 

Risk factors 

 

Control 

(n=18) 

 

Osteopenia 

(n=78) 

 

OP 

(n=54) 

 

Total  

n (%) 

 

P- 

value 

Family history 

Positive 

Negative 

 

11(19.6%) 

7(7.4%) 

 

30(53.6%) 

48(51.1%) 

 

15(26.8%) 

39(41.5%) 

 

56 (100%) 

94(100%) 

 

NS 

Exposure to sunlight 

Exposed 

Non-exposed 

 

5(7.5%) 

13(15.7%) 

 

37(55.2%) 

41(49.4%) 

 

25(37.3%) 

29(34.9%) 

 

67(100%) 

83(100%) 

 

NS 

Smoking habit 

Smoker 

Non-smoker 

 

0(0.0%) 

18(12.7%) 

 

5(62.5%) 

73(51.5%) 

 

3(37.5%) 

51(35.9%) 

 

8(100%) 

142(100%) 

 

NS 

 

Consume > than 3 

cups of caffeine / day 

Consume < than 3 

cups of caffeine / day 

 

5(7.9%) 

 

 

13(14.9%) 

 

28(44.5%) 

 

 

50(57.5%) 

 

30(47.6%) 

 

 

24(27.6%) 

 

63(100%) 

 

 

87(100%) 

 

 

0.034 

Physical activity 

Active 

Non-active 

 

6(11.1%) 

12(12.5%) 

 

29(53.7%) 

45(46.9%) 

 

19(35.2%) 

39(40.6%) 

 

54(100%) 

96(100%) 

 

NS 

VD supplement 

intake 

With supplement 

Without supplement 

 

 

11(13.3%) 

7(10.4%) 

 

 

45(54.2%) 

33(49.3%) 

 

 

27(32.5%) 

27(40.3%) 

 

 

83(100%) 

67(100%) 

 

 

NS 

Calcium treatment 

intake 

With treatment 

Without treatment 

 

 

12(12.2%) 

6(11.5%) 

 

 

53(54.1%) 

25(48.1%) 

 

 

33(33.7%) 

21(40.4%) 

 

 

98(100%) 

52(100%) 

 

NS 

 

Diabetic 

Non-diabetic 

 

7(22.5%) 

11(9.2%) 

 

12(38.7%) 

66(55.5%) 

 

12(38.7%) 

42(35.3%) 

 

31(100%) 

119(100%) 

 

NS 
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3.7 Effect of duration of menopause on BMD and oxidative 

stress parameters in osteoporosis and osteopenia 

3.7.1 Prevalence of osteoporosis and osteopenia classified by duration of 

menopause  

 As seen in Figure 3.4, menopausal duration of less than 10 years was 

determined in 13% of the women with osteoporosis and in 61.529 of the 

women with osteopenia. Menopausal duration between 10-19 years was 

determined in 31.5% of postmenopausal osteoporotic women and in 29.5% of 

postmenopausal osteopenic women, while percentages of women with 

menopausal duration between 20-29 years and ≥ 30 years were 42.6% and 

13% in osteoporotic women and 6.4% and 2.6% in osteopenic women. 

 

Figure 3.4: Prevalence of osteoporosis and osteopenia classified by 

duration of menopause  

0%

10%

20%

30%

40%

50%

60%

70%

< 10 years 10-19 years 20-29 years ≥ 30 years 

13% 

31.4% 

42.6% 

13% 

61.5% 

29.5% 

6.4% 2.6% 

P
re

va
le

n
ce

 o
f 

th
e

 d
is

e
as

e
 (

%
) 

Duration of menopause 

Osteoporosis

Osteopenia



56 
 

 
 

3.7.2 Effect of menopause duration on oxidative stress parameters 

According to intervals of menopausal duration in osteoporotic women, 

there were significant differences in mean values of serum MDA (P < 0.05), 

while serum PN, CP, and TBIL exhibited non-significant differences by the 

change in menopause duration periods (P > 0.05).  

In osteopenic women, mean values of serum MDA, PN, CP, and TBIL 

did not significantly vary across the intervals of menopausal duration (P > 

0.05) (Tables 3.7 and 3.8).  

Table 3.7: Arithmetic mean of oxidative stress parameters in 

postmenopausal osteoporotic women considering duration of menopause  

 

 

 

OS 

parameters 

 

 

Mean ± SD 

 

 

 

P-value 
 

< 10 years 

(n=7) 

 

10-19 years 

(n=17) 

 

20-29 years 

(n=23) 

 

≥ 30 years 

(n=7) 

 

 

MDA 

(nmol/ml) 

 

1.43 ± 0.23 

 

1.56 ± 0.19 

 

1.59 ± 0.28 

 

1.83 ± 0.33 

 

0.036 

 

PN 

(Mmol/L) 

 

1.93 ± 0.52 

 

1.69 ± 0.42 

 

1.84 ± 0.47 

 

1.81 ± 0.45 

 

NS 

 

CP 

(mg/ml) 

 

26.71 ± 10.87 

 

24.41 ± 8.79 

 

28.57 ± 7.94 

 

29.57 ± 8.69 

 

NS 

 

TBIL 

(mg/dl) 

 

0.53 ± 0.40 

 

0.75 ± 0.36 

 

0.87 ± 0.3 

 

0.77 ± 0.30 

 

NS 
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Table 3.8: Arithmetic mean of oxidative stress parameters in 

postmenopausal osteopenic women considering duration of menopause  

 

 

 

OS 

parameters 

 

 

Mean ± SD 

 

 

 

P-value 
 

< 10 years 

(n=48) 

 

10-19 year 

(n=23) 

 

20-29 years 

(n=5) 

 

≥ 30 years 

(n=2) 

 

 

MDA 

(nmol/ml) 

 

1.07 ± 0.22 

 

1.11 ± 0.28 

 

1.06 ± 0.19 

 

1.24 ± 0.65 

 

NS 

 

PN 

(Mmol/L) 

 

1.13 ± 0.34 

 

1.14 ± 0.29 

 

0.98 ± 0.13 

 

1.40 ± 0.01 

 

NS 

 

CP 

(mg/ml) 

 

23.25 ± 7.43 

 

23.00 ± 7.70 

 

22.20 ± 7.36 

 

26.50 ± 1.71 

 

NS 

 

TBIL 

(mg/dl) 

 

0.75 ± 0.31 

 

0.74 ± 0.36 

 

0.63 ± 0.26 

 

0.90 ± 0.01 

 

NS 
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3.7.3 Effect of menopausal duration on BMD  

By increasing duration of menopause, a significant increase in the risk 

of osteoporosis and a decrease in the total and pelvis BMD were observed in 

osteoporosis group, while the effects of menopause duration on L-spine were 

non-significant (P > 0.05). In women appeared as having osteopenia, the 

mean values of BMD exhibited a non-significant variation at all sites across 

the four different menopausal durations (P > 0.05) (Tables 3.9 and 3.10). 

Table 3.9: Arithmetic mean of BMD in postmenopausal osteoporotic 

women considering duration of menopause 

 

 

BMD 
(g/cm

2
) 

 

Mean ± SD 

 

P-value 
 

< 10 years 

(n=7) 

 

10-19 years 

(n=17) 

 

20-29 years 

(n=23) 

 

≥ 30 years 

(n=7) 

Total  

BMD 

 

0.708 ± 0.022 

 

0.652 ± 0.068 

 

0.654 ± 0.056 

 

0.583 ± 0.083 

 

0.005 

L-spine 

BMD 

 

0.773 ± 0.078 

 

0.702 ± 0.190 

 

0.740 ± 0.062 

 

0.680 ± 0.069 

 

NS 

pelvis 

BMD 

 

0.77 ± 0.045 

 

0.740 ± 0.086 

 

0.690 ± 0.064 

 

0.650 ± 0.083 

 

0.017 

 

Table 3.10: Arithmetic mean of BMD in postmenopausal osteopenic 

women considering duration of menopause 

 

 

BMD 
(g/cm

2
) 

 

Mean ± SD 

 

P-value 
  

< 10 years 

(n=48) 

 

10-19 years 

(n=23) 

 

20-29 years 

(n=5) 

 

≥ 30 years 

(n=2) 

Total  

BMD 

 

0.802± 0.036 

 

0.790 ± 0.031 

 

0.776 ± 0.039 

 

0.763 ± 0.033 

 

NS 

L-spine 

BMD 

 

0.902 ± 0.091 

 

0.904 ± 0.117 

 

0.897 ± 0.064 

 

0.859 ± 0.043 

 

NS 

pelvis 

BMD 

 

0.889 ± 0.087 

 

0.885± 0.072 

 

0.833 ± 0.070 

 

0.806 ± 0.088 

 

NS 
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3.8 Effect of age on BMD and oxidative stress parameters in 

osteoporosis and osteopenia 

3.8.1 Prevalence of osteoporosis and osteopenia classified by age groups 

Distribution of age groups is represented in Figure 3.5 which indicates 

that the lowest percentage (5.5%) of osteoporotic women was < 55 years, 

while the highest percentage (63%) was at ≥ 65 years. In the contrary, the 

lowest percentage (12.8%) of osteopenic women was at ≥ 65 years and the 

highest percentage (51.3%) was < 55 years. 

 
 

Figure 3.5: Prevalence of osteoporosis and osteopenia classified by age 

groups 
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3.8.2 Effect of age on oxidative stress parameters 

Biochemical parameters of oxidative stress classified by age groups in 

both osteoporotic and osteopenic women are illustrated in Tables 3.11 and 

3.12. The differences between the mean values of all parameters remained 

statistically non-significant in both groups (P > 0.05). 

Table 3.11: Arithmetic mean of oxidative stress parameters in 

postmenopausal osteoporotic women considering age groups  

 

 

OS 

parameters 

 

Mean± SD 

 

 

P-value 

< 55 years 

(n=3) 

55-65 years 

(n=22) 

> 65 years 

(n=29) 

MDA 

(nmol/ml) 

1.68 ± 0.13 1.57 ± 0.29 1.59 ± 0.27 NS 

PN (mmol/L) 1.67 ± 0.14 1.81 ± 0.45 1.82 ± 0.48 NS 

CP (mg/ml) 27.67 ± 10.01 25.52 ± 9.50 28.03 ± 8.32 NS 

TBIL (mg/dl) 0.87 ± 0.40 0.70 ± 0.36 0.80 ± 0.34 NS 

 

Table 3.12: Arithmetic mean of oxidative stress parameters in 

postmenopausal osteopenic women considering age groups  

 

 

OS 

parameters 

 

Mean± SD 

 

 

P-value 

< 55 years 

(n=40) 

55-65 years 

(n=28) 

> 65 years 

(n=10) 

MDA 

(nmol/ml) 

1.09 ± 0.24 1.06 ± 0.21 1.16 ± 0.35 NS 

PN (mmol/L) 1.12 ± 0.25 1.10 ± 0.38 1.27 ± 0.32 NS 

CP (mg/ml) 22.73 ± 7.22 24.18 ± 7.64 22.30 ± 7.45 NS 

TBIL (mg/dl) 0.78 ± 0.309 0.75 ± 0.29 0.62 ± 0.39 NS 
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3.8.3 Effect of age on BMD 

From the study of the impact of age on BMD in both osteoporotic and 

osteopenic group, results revealed a significant decrease in the total and 

pelvis BMD across the age groups (P < 0.05) in osteoporotic group and non-

significant differences in L-spine (P > 0.05). On the other group, the 

comparison between mean values of BMD by age groups was statistically 

non-significant (P > 0.05) (Tables 3.13 and 3.14).   

Table 3.13: Arithmetic mean of BMD in postmenopausal osteoporotic 

women considering age groups 

 

Table 3.14: Arithmetic mean of BMD in postmenopausal osteopenic 

women considering age groups 

 

 

 

BMD 

(g/cm
2
) 

 

Mean ± SD 

 

 

P-value 
< 55 years 

(n=3) 

55-65 years 

(n=22) 

> 65 years 

(n=29) 

Total BMD 0.710 ± 0.013 0.676 ± 0.066 0.633 ± 0.065 0.027 

L-spine BMD 0.753 ± 0.046 0.754 ± 0.730 0.709 ± 0.144 NS 

pelvis BMD 0.827 ± 0.014 0.728± 0.060 0.700 ± 0.080 0.017 

 

 

BMD 
(g/cm

2
) 

 

Mean ± SD 

 

 

P-value 
< 55 years 

(n=40) 

55-65 years 

(n=28) 

> 65 years 

(n=10) 

Total BMD 0.802 ± 0.034 0.792 ± 0.032 0.788 ± 0.037 NS 

L-spine BMD 0.901 ± 0.073 0.896 ± 0.127 0.916 ± 0.090 NS 

pelvis BMD 0.894 ± 0.089 0.872± 0.650 0.859 ± 0.076 NS 
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3.9 Effect of BMI on BMD and oxidative stress parameters in 

osteoporosis and osteopenia 

3.9.1 Prevalence of osteoporosis and osteopenia classified by BMI 

                Regarding body mass index in osteopenia and osteoporosis, (7.7% 

vs.16.7%) were determined as normal individuals; while (28.2% vs. 33.3%) 

were determined as overweight individuals and (64.1% vs. 50%) were 

determined as obese individuals. It is interesting that among patients groups, 

BMI is in the range of overweight-obese (Figure 3.6). 

 

Figure 3.6: Prevalence of osteoporosis and osteopenia classified by 

body mass index (BMI) 
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3.9.2 Effect of body mass index on oxidative stress parameters 

Table 3.15 demonstrate non-significant differences in serum levels of 

oxidative stress parameters across the intervals of BMI in osteoporotic 

women (P > 0.05) and a similar result was found in osteopenia (Table 3.16).    

Table 3.15: Arithmetic mean of oxidative stress parameters in 

postmenopausal osteoporotic women considering BMI  

 

 

OS 

parameters 

 

Mean± SD 

 

 

P-value  

≤ 24.9 (kg/m
2
) 

(n=9) 

 

25.0-29.9 (kg/m
2 

) 

(n=18) 

 

≥ 30.0 (kg/m
2
) 

(n=27) 

MDA 

(nmol/ml) 

 

1.701 ± 0.235 

 

1.587 ± 0.305 

 

1.556 ± 0.257 

 

NS 

PN 

(mmol/L) 

 

1.740 ± 0.409 

 

1.858 ± 0.432 

 

1.796 ± 0.498 

 

NS 

CP (mg/ml)  

25.101 ± 9.253 

 

29.060 ± 9.607 

 

26.700 ± 7.936 

 

NS 

TBIL 

(mg/dl) 

 

0.837 ± 0.314 

 

0.736 ± 0.390 

 

0.781 ± 0.332 

 

NS 

 

Table 3.16: Arithmetic mean of oxidative stress parameters in 

postmenopausal osteopenic women considering BMI  

 

 

OS 

parameters 

 

Mean± SD 

 

 

P-value  

≤ 24.9 (kg/m
2
) 

(n=6) 

 

25.0-29.9 (kg/m
2 

) 

 (n=22)
 

 

≥ 30.0 (kg/m
2
) 

(n=50) 

MDA 

(nmol/ml) 

 

1.198 ± 0.357 

 

1.000 ± 0.103 

 

1.114 ± 0.271 

 

NS 

PN 

(mmol/L) 

 

1.208 ± 0.359 

 

1.027 ± 0.247 

 

1.168 ± 0.325 

 

NS 

CP (mg/ml)  

26.600 ± 8.081 

 

21.770 ± 5.952 

 

23.470 ± 7.796 

 

NS 

TBIL 

(mg/dl) 

 

0.540 ± 0.502 

 

0.772 ± 0.341 

 

0.754 ± 0.283 

 

NS 
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3.9.3 Effect of body mass index on BMD 

According to a comparison between mean values of total and L-spine 

BMD categorized by BMI, obesity (BMI > 30 kg/m
2
) was found to decrease 

significantly (P < 0.05) the risk of osteoporosis from the mean values of 

(total BMD: 0.609 ± 0.088 g/cm
2
; L-spine BMD: 0.684 ± 0.051) in patients 

with BMI of ≤ 24.9 kg/m
2
 to (total BMD: 0.671 ± 0.061 g/cm

2
; L-spine 

BMD: 0.754 ± 0.078) in patients with BMI of ≥ 30.0 kg/m
2
. However, no 

significant variation revealed with respect to L-spine and pelvis BMD (P < 

0.05). In osteopenia, BMD in all sites was markedly higher in women with 

higher values of BMI (P < 0.05) (Table 3.17 and 3.18). 

Table 3.17: Arithmetic mean of BMD in postmenopausal osteoporotic 

women considering BMI 

 

 

BMD 

(g/cm
2
) 

 

Mean ± SD 

 

 

P-value 
 

≤ 24.9 (kg/m
2
) 

(n=9) 

 

25.0-29.9 (kg/m
2 

) 

(n=18) 

 

≥ 30.0 (kg/m
2
) 

(n=27) 

 

Total BMD 

 

0.609 ± 0.088 

 

0.643 ±0.057 

 

0.671 ± 0.061 

 

0.047 

 

L-spine BMD 

 

0.684 ± 0.051 

 

0.696 ± 0.101 

 

0.754 ± 0.078 

 

0.029 

 

pelvis BMD 

 

0.702 ± 0.047 

 

0.713 ± 0.085 

 

0.723 ± 0.083 

 

NS 

 

Table 3.18: Arithmetic mean of BMD in postmenopausal osteopenic 

women considering BMI 

 

 

BMD 

(g/cm
2
) 

 

Mean ± SD 

 

 

P-value  

≤ 24.9 (kg/m
2
) 

(n=6) 

 

25.0-29.9 (kg/m
2 

) 

 (n=22)
 

 

≥ 30.0 (kg/m
2
) 

(n=50) 

 

Total BMD 

 

0.783 ± 0.031 

 

 0.782 ± 0.028 

 

0.804 ± 0.035 

 

0.03 

 

L-spine BMD 

 

0.824 ± 0.062 

 

0.880 ± 0.057 

 

0.919 ± 0.109 

 

0.041 

 

pelvis BMD 

 

0.840 ± 046 

 

0.852 ± 0.061 

 

0.901 ± 0.084 

 

0.025 
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3.10 Association of oxidative stress parameters with duration of 

menopause, age, and BMI in osteoporosis and osteopenia 

Association of oxidative stress parameters with menopause duration, 

age, and BMI is shown in Table 3.19. There was no significant correlation 

between oxidative stresses parameters and the three variables both in women 

with osteoporosis and with osteopenia (P > 0.05). 

Table 3.19:  Pearson correlation coefficients for the association of 

duration of menopause, age, and BMI with oxidative stress parameters 

in osteoporosis and osteopenia 

 
 

 

 

OS  

 

Pearson correlation coefficients (r) 

 

 

Osteoporosis 

(n=54) 

 

Osteopenia 

(n=78) 

 
Duration of 

menopause 

 

Age 

 

BMI 

 
Duration of 

menopause 

 

Age 

 

BMI 

 

 

MDA 

(nmol/ml) 

 

0.100 

(P=0.384) 

 

0.245 

(P=0.295) 

 

0.160 

(P=0.249) 

 

0.104 

(P=0.455) 

 

0.023 

(P=0.842) 

 

-0.081 

(P=0.482) 

 

 

PN 

(mmol/L) 

 

0.099  

(P=0.389) 

 

0.010 

(P=0.941) 

 

-0.036 

(P=0.786) 

 

0.090 

(P=0.519) 

 

0.103 

(P=0.370) 

 

0.121 

(P=0.293) 

 

 

CP 

(mg/ml) 

 

0.231  

(P=0.121) 

 

0.110 

(P=0.428) 

 

0.039 

(P=0.780) 

 

0.042 

(P=0.717) 

 

0.012 

(P=0.920) 

 

-0.106 

(P=0.357) 

 

 

TBIL 

(mg/dl) 

 

 

-0.060 

(P=0.601) 

 

0.064 

(P=0.643) 

 

-0.017 

(P=0.901) 

 

-0.201 

(P=0.145) 

 

-0.098 

(P=0.390) 

 

0.013 

(P=0.911) 

 

 

O
S

  

p
ar

am
et

er
s 
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3.11 Association of BMD with duration of menopause, age, and 

BMI in osteoporosis and osteopenia 

 According to the Pearson correlation analysis, duration of menopause 

was significantly correlated with total BMD in osteoporotic women (P < 

0.05), while L-spine and pelvis BMD presented non-significant correlation 

with duration of menopause. Considering the age, results revealed the 

presence of a negative correlation between age, total BMD and pelvis BMD 

(P < 0.05). On the other hand, a significant correlation between BMI and L-

spine BMD revealed the protective effect of BMI against osteoporosis at this 

site (P < 0.05). In the group with osteopenic women, osteopenia 

demonstrated a significant correlation only between duration of menopause 

and total BMD (P < 0.05) (Table 3.20 and Figures 3.7, 3.8, 3.9, 3.10 and 

3.11).  

Table 3.20:  Pearson correlation coefficients for the association of total, 

L-spine and pelvis BMD with MD, age, and BMI in OP and osteopenia 

 

 

 

BMD  

(g/cm
2
) 

 

Pearson correlation coefficients (r) 

Osteoporosis 

(n=54) 

Osteopenia 

(n=78) 
 

Duration of 

menopause 

 

Age 

 

BMI 

 
Duration of 

menopause 

 

Age 

 

BMI 

 

 

Total BMD 

 

-0.337* 

(P=0.013) 

 

-0.453** 

(P=0.001) 

 

0.262 

(P=0.056) 

 

-0.234* 

(P=0.039) 

 

-0.112 

(P=0.330) 

 

0.181 

(P=0.113) 

 

L-spine 

BMD 

 

-0.207 

(P=0.135) 

 

-0.234 

(P=0.103) 

 

0.281* 

(P=0.040) 

 

-0.075 

(P=0.416) 

 

-0.047 

(P=0.685) 

 

0.106 

(P=0.212) 

 

pelvis 

BMD 

 

-0.196 

(P=0.155) 

 

-0.303* 

(P=0.026) 

 

0.197 

(P=0.153) 

 

-0.102 

(P=0.373) 

 

-0.110 

(P=0.338) 

 

0.096 

(P=0.404) 

** Correlation is significant at 0.01 levels  

* Correlation is significant at 0.05 levels 
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Figure 3.7: Correlation analysis between duration of menopause and 

total BMD in osteoporotic women  

 

 

 
 

Figure 3.8:  Correlation analysis between duration of menopause and 

total BMD in osteopenic women 
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Figure 3.9: Correlation analysis between age and total BMD in 

osteoporotic women 

 

 
 

Figure 3.10: Correlation analysis between age and pelvis BMD in 

osteoporotic women 
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Figure 3.11: Correlation analysis between BMI and L-spine BMD in 

osteoporotic women 
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CHAPTER FOUR 

DISCUSSION 

Reactive oxygen species (ROS) and antioxidants have received much 

attention because of their role in the pathogenesis of many diseases including 

metabolic bone diseases (Sontakke and Tare, 2002). In vitro studies or animal 

models showed that OS had an important impact on osteoclast differentiation 

and functions (Lean et al, 2005; Park et al, 2005). Evidence in a limited 

number of human studies also showed that ROS and antioxidant systems 

might be involved in the pathogenesis of bone loss (Ozgocmen et al, 2007). 

Although OP is a common disease of the elderly, its main initiating 

factor is the menopause-related estrogen decline rather than the aging (Lane, 

2006). Several lines of evidence suggest that one of the mechanisms adopted 

by estrogens to protect women against bone loss during the reproductive age 

consists of contrasting the supposed deleterious action of ROS against bone 

health (Lean et al, 2003). The data in support of the interplay between OS 

and OP onset have been mostly obtained from in vitro and animal 

experiments, which, overall, suggest a potential role of reactive species in 

uncoupling bone turnover (Valacchi et al, 2012; Cervellati et al, 2014).  

However, there is insufficient evidence on the involvement of OS in 

the disruption of bone homeostasis. Accordingly, this study was conducted to 

investigate whether OS might have a role in this disruption of bone 

homeostasis and to assess the levels of lipid peroxidation end-products MDA, 

PN, CP and TBIL in women with osteoporosis compared with non-

osteoporotic healthy women taking into a count the study of the effects of 

other clinical variables that might affect bone mass and focus on several 

osteoporosis-related risk factors. 
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4.1 Malondialdehyde (MDA) 

In the present study, osteoporotic and osteopenic women witnessed an 

increased levels of oxidative stress compared with healthy women recognized 

by a significant increase in serum malondialdehyde levels (P < 0.001) as 

listed in Table 3.4. Similar results  has been reported by Sendur et al (2009) 

which proposed that the levels of lipid peroxidation were elevated in the 

osteoporotic group compared to the control group. Furthermore, these 

findings were supported by many previous studies (Sontakke and Tare, 2002; 

Tanko et al, 2003; Ozgocmen et al, 2007; Chavan et al, 2007) who proposed 

that enhanced osteoclastic activity in women with low BMD may have been 

responsible for increased production of ROS in form of superoxide, which 

was proved by elevation of serum MDA levels compared with the control 

group. Therefore, MDA may serve as an indicator of lipid peroxidation by 

ROS which was proved by a significant inverse correlation of MDA with total 

and L-spine BMD in osteoporotic women (r= -0.307, P=0.024; r= -0.387, 

P=0.004) (Table 3.5 and Figures 3.2 and 3.3).  In contrast with this finding, 

Maggio et al (2003) determined the marker (plasma MDA) of free radical-

mediated lipid peroxidation and noticed no differences among the groups.  

4.2 Peroxynitrite (PN) 

The outcome of this study noticed significant differences (P < 0.01) 

between patients and control groups in mean values of serum PN levels 

(osteoporosis: 1.808 ± 0.457 mmol/L, osteopenia: 1.131 ± 0.311 mmol/L, 

control: 0.975 ± 0.278 mmol/L) (Table 3.4). The significance of OONO
¯
 as a 

biological oxidant comes from its high diffusibility across cell membranes. 

OONO
¯
 appears to be an important tissue-damaging species generated at the 

sites of inflammation and has been shown to be involved in various 

neurodegenerative disorders and several kidney diseases (Ogun, 2015).  In 

addition, OONO
¯
 is considered as a major tissue-damaging species that cause 
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different changes in proteins through oxidation of sulfhydryl groups of 

methionine and cysteine besides selectively nitrating tyrosine and tryptophan 

residues (Ljubuncic et al, 2010).  However, little is known about the effects 

of NO, •O2
-
, and OONO

¯
 on bone-forming activity in osteoblasts (Hikiji et al, 

2000). So far, there are scarce studies focusing on OONO
¯
 role in bone 

metabolism and pathologies (Rocha and Brum-Fernandes, 2002). 

4.3 Ceruloplasmin (CP) 

   Ceruloplasmin is proved to be an antioxidant parameter and acute 

phase reactant in inflammatory diseases which was noticed in several chronic 

inflammatory diseases (Yilmaz et al, 2005; Engström et al, 2009). 

Osteoporosis is observed concomitantly with a number of chronic 

inflammatory diseases; a consequence of cytokine action on the bone 

remodeling system in the favor of bone resorption (Goldring and Gravallese, 

2000). In the present study, investigation of ceruloplasmin revealed 

significantly (P < 0.01) higher mean values of CP in osteoporotic (27.22 ± 

8.687 mg/ml) and osteopenic women (23.19 ± 7.341 mg/ml) than in those 

without osteoporosis (20.75 ± 5.458 mg/ml) (Table 3.4). These findings come 

in line with the results of a cross-sectional study of Karakas et al (2016) for 

evaluating CP levels in subjects without chronic inflammatory disease and 

found that serum CP levels were increased in osteoporotic women when 

compared to healthy women. On the contrary, the cross-sectional study of 

Cervellati et al (2014) showed that impairment of systemic oxidative balance 

is not contributed to developing osteoporosis and osteopenia and that there 

were non-significant differences between ceruloplasmin levels in women 

affected by this disease and healthy women (P > 0.05). 
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4.4 Total bilirubin (TBIL) 

   In the current study, serum total bilirubin levels were investigated to 

study the possible relation between total bilirubin and osteoporosis. Results 

indicate that the concentrations of total bilirubin were (0.776 ± 0.323 mg dl) 

in osteoporotic women, (0.746 ± 0.316 mg/dl) in osteopenic women and 

(0.622 ± 0.251 mg/dl) in healthy women. The results show that mean values 

of serum TBIL were within normal range in all groups and that they were less 

in patients with normal BMD than in patients with low BMD, though it is not 

significant (P > 0.05) (Table 3.4). In the study performed on human primary 

osteoblasts, Ruiz-Gaspa et al (2011) analyzed the effects of bilirubin and 

serum from jaundiced patients on viability, differentiation, mineralization, 

and gene expression in the cells involved in bone formation and they 

demonstrated that bilirubin at low concentration (0.6 mg/dl) noticed in 

patients without liver diseases was significantly elevated viability and 

increased mineralization of osteoblast. 

However, several studies proved a positive relationship between BMD 

and serum TBIL levels (Kuyumcu et al, 2012; Bian et al, 2013; Cho et al, 

2014) due to it is antioxidant and anti-inflammatory effects, which may 

provide a protection against osteoporosis  (Kim et al, 2013).  

Even though several studies on the relationship between serum levels 

of TBIL and osteoporosis have been conducted, but the results were 

controversial and inconsistent. In the cross-sectional study on 

postmenopausal Korean women, Lee et al (2015) found that total bilirubin 

showed a weak or no relationship with BMD. Moreover, no certainty is 

available whether serum TBIL under normal physiologic levels is a 

protective or risk factor for osteoporosis (Yan et al, 2017). 
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4.5 Lipid profile  

Lipid disorders have been associated with low BMD in some studies 

(Tanko et al, 2003; Orozco, 2004). The mechanism of this relation may be 

directly related to the cholesterol biosynthetic pathway, which determines 

cholesterol levels and contributes to the activity of the osteoclast (Ghadiri-

Anari et al, 2016). Lipid accumulation in bone may affect the osteoblastic 

cells and thus can inhibit their adequate bone forming activity. Elevation in 

the oxidation of lipids and lipoproteins in bone tissue can lead to increase 

adipogenesis of marrow stromal cells and also may induce osteoclastic 

differentiation, which subsequently results in a bone loss (Sahmani et al, 

2014). 

In this study, lipid profile was investigated in patients with 

osteoporosis, osteopenia and healthy women. The comparison between 

groups showed that serum total cholesterol levels varied significantly among 

groups (osteoporosis: 220.36 ± 33.13 mg/dl, osteopenia: 208.9 ± 32.13 mg/dl, 

control: 199.2 ± 26.78 mg/dl, P < 0.05). The same result was obtained for 

triglyceride (osteoporosis: 209.02 ± 65.9 mg/dl, osteopenia: 180.8 ± 71.8 

mg/dl, control: 170 ± 54.66 mg/dl). Meanwhile, LDL levels showed 

significantly higher mean values in the group of subjects with osteoporosis 

(130.04 ± 31.973 mg/dl) and osteopenia (126.15 ± 32.332 mg/dl) in 

comparison with the group of healthy subjects (109.00 ± 24.82 mg/dl) (P < 

0.05). On the other hand, the variation in serum HDL (osteoporosis: 51.376 ± 

14.7 mg/dl, osteopenia: 52.66 ± 14.598 mg/dl, control:  48 ± 13.293 mg/dl) 

and VLDL (osteoporosis: 37.148 ±15.327 mg/dl, osteopenia: 35.949 ± 14.348 

mg/dl, 3 control: 8.889 ± 15.33 mg/dl) levels were non-significant between 

the groups (P > 0.05) (Table 3.2).  
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Association of lipid profile and BMD has been assessed in several 

studies, but the reports are controversial. Orozco et al (2004) found that early 

postmenopausal women with high LDL (≥ 160 mg/dl) have lower lumbar and 

femoral BMD than those with a normal lipid profile. The comparative study 

by Sahmani et al (2014) found that postmenopausal women with osteoporosis 

had significantly increased values of the parameters of the lipid profile (total 

cholesterol and LDL) in comparison with premenopausal women without 

osteoporosis. Shukla et al (2013) found a significant association of elevated 

serum levels of all lipid parameters with a decreased BMD. On the other 

hand, the cross-sectional studies by Solomon et al (2005) and Ghadiri-Anari 

et al (2016) in addition to a prospective study of Samelson et al (2004) found 

no relationship between total serum cholesterol levels and BMD. 

4.6 Vitamin D 

In this study, vitamin D status was investigated to examine the possible 

relationship between vitamin D and osteoporosis. Results showed that 70% of 

women under study had vitamin D insufficiency with mean value 18.207 

ng/ml (Table 3.3) which come in line with the outcome of the cross-sectional 

study done in Kirkuk city by Ali (2018) who found that 59% of women were 

suffering from vitamin D insufficiency and had mean value less than 20 

ng/ml. Another study done in the Kingdom of Saudi Arabia by Alkhenizan et 

al (2017) revealed that 61.5% of their patients had a moderate to severe 

vitamin D deficiency with serum mean value below 20 ng/ml. The reason for 

the decline in serum levels of vitamin D may be due to less outdoor activities 

of the women and decreased or covered exposure to sunlight due to clothing 

habits in the study location, which prevent formation of vitamin D in the skin 

and consequently inhibit it is conversion to the active form (Huong, 2012) 

which is responsible for the maintenance of serum calcium and phosphorus 

levels. Moreover, vitamin D deficiency promotes a compensatory increase in 
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parathyroid hormone levels (Plehwe, 2003; Stevenson and Marsh, 2008). As 

a result, bone loss is accelerated increasing the chance of developing 

osteoporosis (Tsai, 2008 

In addition, this study failed to confirm significant differences in serum 

vitamin D levels between the study groups because (55.3%) of participants 

were on vitamin D supplementation (Table 3.8). Accordingly, the same mean 

values were observed in subjects with low BMD (osteoporosis: 19.93 ± 5.573 

ng/ml, osteopenia: 19.794 ± 7.074 ng/ml) and subjects with normal BMD 

(20.933 ± 4.867 ng/ml) (Table 3.2). Similar findings were demonstrated by 

Hyassat et al (2017) and Sahmani et al (2014). In contrast with these 

findings, a systematic review of Gaugris et al (2005) revealed that an 

inadequate vitamin D levels in postmenopausal women was a common risk 

factor for osteoporosis.  

4.7 Calcium 

Calcium is one of the main bone-forming minerals and an appropriate 

supply to bone which is essential at all stages of life (Prentice, 2004). 

However, the mean values of serum calcium levels were within normal range 

in postmenopausal women with osteoporosis (9.9 ± 0.47899 mg/dl), 

osteopenia (9.97 ± 0.613 mg/dl) and in healthy women (9.85 ± 0.663mg/dl) 

and illustrated statistically non-significant changes between the groups (Table 

3.2). This result may be attributed to the fact that 65% of the women were 

taking calcium supplement (Table 3.8). However, several studies reached the 

same results and found that serum calcium determination was statistically of 

no significant values for diagnosis of osteoporosis as their results were within 

normal range (Sontakke and Tare, 2002; Hania, 2008; Razmandeh et al, 

2014; Sahmani et al, 2014; Karakas et al, 2016 ). 
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4.8 Duration of Menopause 

In the present study, duration of menopause exerted a negative effect 

on BMD and largely contributed to reducing bone mass at the studied 

skeleton sites. In general, there was a significant variation in mean values 

among groups (P < 0.01) (Table 3.1).  Means ± SD of BMD in osteoporotic 

and osteopenic women regarding menopausal duration are elucidated in 

Tables 3.10. The results illustrated that longer durations of menopause were 

significantly associated with osteoporosis at total and pelvis BMD in 

osteoporotic women (P=0.005). Although the results are non-significant at L-

spine osteoporotic women and in the three parts of BMD in osteopenic 

women, there was a gradual decrease in mean values of BMD and increase in 

the risk of osteoporosis across menopausal duration intervals. Additionally, 

menopause duration was negatively correlated with total BMD in both 

osteoporotic and osteopenic women (r= −0.337, P=0.013; r= −0.234, 

P=0.039) and this relation between menopausal duration and BMD as seen in 

Table 3.20 and Figures 3.7 and 3.8 was of important value to confirm a 

strong association between duration of menopause and low BMD. The study 

of   Hyassat et al (2017) and Ozgocmen, (2007) supported the outcome of this 

study and reached similar results. Also, a definitive consensus on the positive 

association between low BMD and menopausal duration was found in 

different epidemiological research (Heidari et al, 2015; Demir, 2008; 

Agrawal and Verma, 2013).  

4.9 Age  

The mean value of age in osteoporotic women was found to be (67.13 

± 7.862 years) and in osteopenic women was found to be (55.67 ± 8.59 years) 

which was relatively higher than the mean age of healthy women (51.33 ± 6.3 

years) (P < 0.001) (Table 3.1). In osteoporotic women, age indicated a 

positive correlation with total and pelvis BMD (-0.453, p=0.001; -0.303, 
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p=0.026) (Table 3.20 and Figures 3.9 and 3.10). Naz et al (2015) supported 

this finding and concluded that with every 10-years increase in age, the risk 

of osteoporosis increased 2.18 fold. Many epidemiological studies concluded 

that increasing age, especially when women become postmenopausal is the 

main reason for primary OP in women (Sahmani et al, 2014; Naz et al, 

2015). But this finding was not  aggreed with other studies (Maggio et al, 

2003, (Ozgocmen et al, 2007), (Razmandeh et al, 2014) and (Karakas et al, 

2016) that demonstrated statistically non-significant differences between the 

groups in terms of age (P > 0.05). 

4.10 Body mass index (BMI)  

Low body mass index (BMI) is a well-documented risk factor for 

future fracture, whereas a high BMI appears to be protective (Laet et al, 

2005). Cho et al, (2014) found that patients with osteoporosis had 0.763 

times lower BMI than that of normal subjects. Weight and bone mass are 

closely related. So bone mass is low and bone loss increases in 

postmenopausal women with a low BMI, but BMD tends to be high in obese 

women (Pacifici, 1996).  

In osteoporotic women of the current study, there was a positive 

correlation between BMI and L-pine BMD (r=0.281, P=0.04) (Table 3.20 

and Figure 3.11). As well as, results proved the presence of a significant 

variation in mean values of BMI between groups (P < 0.05) (Table 3.1) and 

illustrated that women with low BMI are at higher risk of developing 

osteoporosis and the effect of higher BMI may compensate the negative 

influence of hypo estrogenic state on BMD during menopauses.  Several 

studies concluded that higher body weight may confirm both high bone 

density and lower incidence of fracture (Laet et al, 2005; Aggarwal et al, 

2011; Cho et al, 2014; Heidari et al, 2015; Hyassat et al, 2017).  
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  Many explanations had been suggested to explain such correlation. 

One of them is that larger body mass forces a greater mechanical loading on 

bone; thus, the bone mass increases to accommodate this load (Felson et al, 

1993; Heidari et al, 2015). In addition, adipocytes are important sources of 

estrogen production in postmenopausal women and estrogen is known to 

inhibit bone resorption by osteoclasts (Hyassat et al, 2017). However, 

Karakas et al (2016) found that an increasing body mass index had non-

significant statistics relevance to bone mass. Similarly, Demir et al (2008) 

demonstrated the same BMI in osteoporotic and non-osteoporotic women. 

4.11 Family history 

The study results did not induced significant differences in the 

frequency of this risk factor between subjects with low BMD and subjects 

with normal BMD (Table 3.6). This finding was in agreement with that 

reported by Aggarwal et al (2011), while inconsistent with Gorial et al (2013) 

who showed that family history was significantly associated with 

postmenopausal osteoporotic state. 

4.12 Sunlight exposure 

In the current study, exposure to sunlight was not significantly 

associated with BMD (Table 3.6). Inconsistent with the study finding, 

Hyassat et al (2017) found that postmenopausal patients who lack adequate 

sun exposure were at a higher risk of developing osteoporosis. While Naz et 

al (2015) found that sunlight exposure did not have a beneficial effect on 

BMD.  

4.13 Smoking habit 

This study did not find any significant association between smoking 

and osteoporosis because the vast majority of participants were non-smokers 
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(94.7%) (Table 3.6). Other studies were agreed with this finding and failed to 

find any significant association between smoking and osteoporosis (Maggio 

et al, 2003; Tanko et al, 2003; Naz et al, 2015; Stajic et al, 2017).On the 

contrary, Ayo‑Yusuf and Olutola (2014) concluded that smoking may 

increase the risk of developing osteoporosis and the presence of a significant 

association between tobacco exposure and bone loss among elderly women. 

4.14 Caffeine intake 

Totally, 42% of women enrolled in this study consumed more than 

three cups of caffeine per day (> 300 mg/day). The differences in the 

frequency of daily caffeine intake between osteoporotic, osteopenic and 

healthy women revealed that this risk factor is positively associated with 

osteoporosis (Table 3.6). Hyassat et al (2017) supported this result and they 

found that postmenopausal women with a daily caffeine intake of > 300 

mg/day were at higher risk of developing osteoporosis. Raquri et al (2001) 

revealed that caffeine intake in amounts > 300 mg/day accelerate bone loss at 

the spine in elderly postmenopausal women. Another study also found that 

daily caffeine intake is the most common risk factor of osteoporosis (Hania, 

2008). On the other hand, a number of studies showed a non-significant 

association between caffeine consumption and bone loss (Tanko et al, 2003; 

Ozgocmen et al, 2007).   

However, there are several mechanisms contributing to the decreased 

bone mass due to high caffeine intake. First, caffeine acts directly on 

osteoblasts and osteocytes, disturbing the process of differentiation, 

multiplication, mineralization, and bone matrix production, leading to 

apoptosis of these cells (Su et al, 2013). Second, caffeine may increase the 

differentiation of osteoclasts, resulting in a greater loss of calcium in the 

urine (Lacerda et al, 2010).  
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4.15 Physical activity 

Extensive studies have supported positive effects of physical activity 

on bone formation, reduction of bone loss and prevention of fractures (Stajic 

et al, 2017). 36% of women participating in this study reported themselves as 

physically active persons (Table 3.6). However, the percentage of women 

who were physically active was found to be similar in all groups and a 

significant association between physical activity and BMD was not 

confirmed. This finding was in accordance with the result of Stajic et al 

(2017) who found that there was no significant association between physical 

activity and OP. 

4.16 Type 2 diabetes 

The relationship between type 2 diabetes and osteoporosis is still 

controversial (Inzerillo and Epstein, 2004). The results of many studies found 

an increased BMD, while others found no significant differences in 

comparison with healthy subjects (Leidig-Bruckner and Ziegler, 2001; 

Inzerillo and Epstein, 2004). In this study, there were no significant 

differences in BMD between the groups according to diabetic status (P > 

0.05) (Table 3.6) and this result was supported by Demir et al (2008).  
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

A-Conclusions: 

1. The study confirms significant differences in serum levels of MDA, PN 

and CP between the groups. 

2. Among lipid profile parameters there was a significant association 

between decreased bone mineral density and increased serum TC. TG 

and LDL levels in postmenopausal women.  

3. MDA was negatively correlated with total and L-spine BMD in OP. 

4. Menopause duration was a strong risk factor for developing 

osteoporosis in postmenopausal women and showed a negative 

correlation with total BMD in osteoporotic and osteopenic women. 

5. It was found that BMI has a protective effect against osteoporosis and 

correlated with increased L-spine BMD in OP.  

6. Women with lower BMD were appeared older in age than women with 

normal BMD. Furthermore, age was negatively correlated with total 

and pelvis BMD in osteoporotic women. 
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B- Recommendations: 

1. Further larger prospective case-control studies are required to explain 

the role of OS in the pathogenesis of osteoporosis.  

2. A limited number of OS markers were examined in this study. More 

research for investigating other markers is needed. 

3. Further studies to assess BMD in young women may be helpful for 

early managing of OP. 

4. Organization of awareness activities for risk factors of osteoporosis, 

especially modifiable risk factors that can be changed to shift from 

medical treatment towards self-care management because decreasing 

risk factors in diet and lifestyle can make a notable change in the 

prevention and treatment of osteoporosis. 
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Appendix (II)  

The questionnaire form 

 
Volunteer NO.                                             Date:       /     / 201



 Phone no: 

Name: --------------------------------------------------------------     Age: ------------(Y) 

Years since menopause: ------------------------------ 

Address: -------------------------------------- 

Economic situation: ------------------------------ 

 

Finding : 

Osteoporotic:                Osteopenic:                  Normal:  

 

Anthropometric measurement: 

Height: --------------------cm, ---------------------m 

Weight: ------------------------kg 

BMI: --------------------kg/m
2 

Waist Measurement: ---------------------cm 

 

Drug history: 

 Antioxidant supplements                Hormone replacements                  

Thyroid hormone         Insulin    

Cortisol            Thyroxin 

   

 

 

 

 

 

 

http://www.heartfoundation.org.au/healthy-eating/Pages/waist-measurement.aspx
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 Disease history: 

 Liver disease                                        Rheumatologic disease 

Cancer                                                  Chronic inflammatory disease  

Kidney disease                                     Gastrointestinal diseases                          

Thalassemia                                                                                            

 

 Risk factors: 

 Family History:                                      

Sunligh exposure:                        

 Smoking:                                                            

diabetes:                                     

 Physical Activity:                                 

 VD supplement intake:                                  

 Calcium treatment intake:                                  

caffeine intake (> 3 cups (coffee + tea) /day): 
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Laboratory investigation 

Total cholesterol (TC) (mg/dl) 

 

 

Triglyceride (TG) (mg/dl) 



 

HDL-ch(mg/dl) 



 

LDL (mg/dl) 



 

VLDL-ch(mg/dl) 



 

Calcium 



 

Vitamin D 



 

 Peroxynitrite(ONOO
-
))(mmol/L) 



 

 Malondialdehyde (MDA) (nmol/L) 
 

 

 Ceruloplasmin (CP) (mg/ml) 



 

Total bilirubin 



 

 

DEXA-Scanning results 

Total BMD   

Total BMD T-score  

L-spine BMD  

L-spine BMD T-score  

Pelvis BMD  

Pelvis BMD T-score  

Total body fat 
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Appendix (III) 

DEXA Scan Report 
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 اٌخالصخ

رٕخش اٌؼظبَ ػجبسح ػٓ حبٌخ رٕبلص اٌىزٍخ اٌؼظ١ّخ ٚاٌزٟ رؤدٞ اٌٝ ص٠بدح رشلك اٌخٍف١خ ٚاال٘ذاف: 

ِٓ اٌؼٛاًِ اٌّؤد٠خ اٌٝ  اٌىشة اٌزأوغذٞاٌؼظبَ ٚثبٌزبٌٟ عٌٙٛخ رؼشضٙب ٌٍىغٛس. ٚلذ ثجذ اْ 

اٌض٠بدح  فٟ عشػخ أسرشبف اٌؼظُ. ٚثٕبء ػ١ٍٗ فأْ ٘زٖ اٌذساعخ رٙذف اٌٝ ِمبسٔخ ِؤششاد اٌىشة 

ث١ٓ إٌغبء فٟ عٓ ا١ٌأط ٚاٌالرٟ ٠ؼب١ٔٓ ِٓ ِشض  رٕخش اٌؼظبَ ِغ اٌّجّٛػخ  اٌزأوغذٞ

فخ اٌٝ دساعخ رأث١ش . ثبالضباٌضبثطخ ٚا٠ضبح اٌؼاللخ ث١ٓ ٘زٖ اٌّؤششاد ٚوثبفخ وزٍخ اٌؼظبَ

 اٌف١زب١ِٓ د, اٌىبٌغ١َٛ, ِجّٛػخ اٌذْ٘ٛ ٚػٛاًِ اٌخطش اٌّغججخ ٌٍّشض. 

اِشأح فٟ عٓ ا١ٌأط ِّٓ رشددْ ػٍٝ ِشوض  051فٟ ٘زٖ اٌذساعخ اٌّمطؼ١خ رُ اخز١بس طشق اٌؼًّ: 

رُ اعزجؼبد اِشاض اٌّفبصً ٚاٌزأ١ً٘ اٌطجٟ فٟ ِحبفظخ د٘ٛن الجشاء فحص وثبفخ اٌؼظبَ. ٚلذ 

إٌغبء اٌالرٟ ٠ؼب١ٔٓ ِٓ اِشاض اٌىجذ, اِشاض اٌؼظبَ االعزمالث١خ, اِشاض اٌى١ٍخ اٌّضِٕخ, 

اِشاض اٌجٙبص اٌٙظّٟ, االٌزٙبثبد اٌّضِٕخ, ثبالع١ّ١ب, اٌغشطبْ, ِشض اٌغىشٞ إٌٛع االٚي ٚ 

ّخ رُ اػذاد لبئ اٌالرٟ ٠زؼبط١ٓ االد٠ٚخ اٌّضبدح ٌالوغذح ٚ االد٠ٚخ اٌجذ٠ٍخ ٌٍٙشِٛٔبد. وّب 

اٌىشة اٌزأوغذٞ  ِؤششادلذسد  اعزج١بْ ٌجّغ اٌّؼٍِٛبد اٌّطٍٛثخ ِٓ ج١ّغ اٌّشبسوبد .

اٌّزّثٍخ ثبٌّبٌٛٔذا٠بٌذ٠ٙب٠ذ, اٌغ١ش٠ٌٛٛثالص١ِٓ, اٌج١شٚوغٟ ٔب٠زشا٠ذ ٚ اٌج١ٍ١شٚث١ٓ اٌىٍٟ ثبالضبفخ 

ب١ِٓ د اٌف١زث١ّٕب رُ رمذ٠ش  ِجّٛػخ اٌذْ٘ٛ ثٛاعطخ جٙبص اٌّط١بف اٌضٛئٟ  ٚ اٌٝ اٌىبٌغ١َٛ

 إال١ٌضا. ثٛاعطخ جٙبص

اظٙشد ل١ُ اٌّزٛعظ ٌٍّبٌٛٔذا٠بٌذ٠ٙب٠ذ, اٌغ١ش٠ٌٛٛثالص١ِٓ ٚ اٌج١شٚوغٟ ٔب٠زش٠ذ فٟ   إٌزبئج:

اٌّشضٝ  ٚجٛد دالٌخ احصبئ١خ ػٕذ اٌّمبسٔخ ِغ اٌّجّٛػخ اٌضبثطخ فٟ ح١ٓ ٌُ رزغ١ش ل١ُ ِزٛعظ 

ظ فٟ ل١ُ ِزٛعظ اٌف١زب١ِٓ د ِغ اٌج١ٍ١شٚث١ٓ اٌىٍٟ ٚاٌىبٌغ١َٛ.  وّب ٌُ ٠ظٙش اخزالف ٍِحٛ

ش١ٛع ٔمص  اٌف١زب١ِٓ د  ث١ٓ ِجّٛػبد اٌذساعخ. وّب أظٙشد إٌزبئج ٚجٛد دالٌخ احصبئ١خ 



ٌٍى١ٌٛغزشٚي اٌىٍٟ, اٌذْ٘ٛ اٌثالث١خ ٚاٌذْ٘ٛ اٌجشٚر١ٕ١خ ٚاطئخ اٌىثبفخ. ٚطجمب ٌّؼبًِ اسرجبط 

ٚ وثبفخ اٌؼظبَ اٌى١ٍخ ٚاٌىثبفخ  ٠ذث١شعْٛ ثجذ ٚجٛد ػاللخ اسرجبط عٍج١خ ث١ٓ  اٌّبٌٛٔذا٠بٌذ٠ٙب

ٚٔفظ اٌؼاللخ ٚجذد ث١ٓ ِذح  اٌؼظ١ّخ ٌٍفمشاد اٌمط١ٕخ ٌذٜ إٌغبء اٌّصبثبد ثزٕخش اٌؼظبَ.

ٚوثبفخ اٌؼظبَ اٌى١ٍخ ٌذٜ اٌّشضٝ ٚث١ٓ اٌؼّش ٚوثبفخ اٌؼظبَ اٌى١ٍخ ٚاٌىثبفخ أمطبع اٌطّث 

ؤشش وزٍخ اٌجغُ اسرجبطب ا٠جبث١ب ِغ اٌؼظ١ّخ ٌٍحٛض ٌذٜ إٌغبء ِزٕخشح اٌؼظبَ. ث١ّٕب اظٙش ِ

 اٌىثبفخ اٌؼظ١ّخ ٌٍفمشاد اٌمط١ٕخ ٌذٜ إٌغبء ِزٕخشح اٌؼظبَ.

رٍؼت اٌّّىٓ اْ  اٌزأوغذٞ ِٓٔزبئج اٌذساعخ اٌحب١ٌخ اٌٝ اْ ِؤششاد اٌىشة  رش١ش االعزٕزبجبد:

 فٟ رشخ١ص أخفبض اٌىثبفخ اٌؼظ١ّخ  ٌذٜ إٌغبء فٟ عٓ ا١ٌأط. دٚسا

 

 

 

 

 

 

 

 

 



 اٌؼشاق –حىِٛخ ال١ٍُ وٛسدعزبْ 
  اٌزؼ١ٍُ اٌؼبٌٟ ٚاٌجث اٌؼٍّٟٚصاسح 

اٌزم١ٕخ جبِؼخ د٘ٛن  
 اٌى١ٍخ اٌزم١ٕخ اٌصح١خ فٟ اٌش١خبْ

 
 ِضبداد اٌزأوغذ ٌذٜ إٌغبء فٟ عٓ ا١ٌأط  -حبٌخ اٌزأوغذ

 فٟ ِذ٠ٕخ د٘ٛن رٕخش اٌؼظبَ  ثّشض اٌّصبثبد
 

 وجضء ِٓ ِزطٍجبد اٌزم١ٕخ  جبِؼخ د٘ٛنش١خبْ اٌزم١ٕخ اٌصح١خ فٟ ى١ٍخ اٌسعبٌخ ِمذِخ اٌٝ 
 اٌى١ّ١بء اٌغش٠ش٠خش فٟ ١غزج١ًٔ شٙبدح اٌّب 

 
 ِٓ لجً

 فبطّخ ِحّذ احّذ
   و١ّ١بء ثىبٌٛس٠ٛط ػٍَٛ
 ثبششاف

 
 

ٔجالء وبظُ ػ١غٝد.  
 اعزبر ِغبػذ

و١ّ١بء اٌح٠ٛ١خأخصبئٟ   
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 ٗخزپٛ

ٔه ثْٛٚ ٚ  ٘ۆی رٗ  ثێزٗ دٖ  داخٛڕأی ئێغه. وٗ  ٌٗ  ئێغه ثشیزیٗ ی ٖٚ  پٛوبٔذٔٗ :ٚ ئبِبٔج  پێشیٕٗ

ٚ  . ئبِبٔج ٌٗ یٗ ٘ٗ  ٖٚ ٔذسٚعزی ئێغىٗ رٗ  ٔذی ثٗ یٖٛ وغبٔذْ پٗ ئۆ ٚا پبٌذأی  شىبٔی ئێغه. ثیٕشا وٗ

 ٚ ِی خٛێٕی ئٗ عیشٖ  وغبٔذْ ٌٗ ئۆ عزبٔی  وبٔی پٗ ساٚسدوشدٔی ٔیشبٔٗ ثٗ  ٌٗ  ثشیزیٗ  یٗ ٖٚ رٛێژیٕٗ

ٔذسٚعذ.  ربٔی رٗ ئبفشٖ  ٔی ثێ ئِٛێذی رٛشی  داخٛڕأی ئێغه ٘برْٛٚ ثٗ ِٗ رٗ  ٚا ٌٗ ی وٗ ربٔٗ ئبفشٖ

٘ب  سٖٚ ڕۆوی ئێغه, ٘ٗ ی ٔبٖٚ ٖٚ ٚ چڕثٛٚٔٗ  ٚ ٔیشبٔبٔٗ ٔێٛاْ ئٗ  ٔذی ٌٗ یٖٛ ي دیبسیىشدٔی پٗ گٗ ٌٗ

  ثٕٗ ٚا دٖ ی وٗ رشعٕبوبٔٗ  ٚ ٔیشبٔٗ ٚسی ٚ ئٗ , وبٌغیۆَ , چDٗسی ڤیزبِیٓ  دیبسیىشدٔی وبسیگٗ

 . خۆشیٗ ٚ ٔٗ س ثۆ رٛشجْٛٚ ثٗ ریذٖ یبسِٗ

ٚا  سگیشاْٚ وٗ ٔی ثێ ئِٛێذی دا ٖٚ ِٗ رٗ  د ٌٗ ئبفشٖ 051دا  یٗ ٖٚ َ رٛێژیٕٗ ٌٗ:  ڕێگبوبٔی وبسوشدْ

   رٗ ثۆ پشىٕیٕی چڕی ثبسیزی ئێغه. ئبفشٖ  خۆشی ڕۆِبریضِیبْ وشدثٛٚ سی ٔٗ ٔزٗ دأی عٗ سٖ عٗ

یی  خۆشی گٛسچیٍٗ چبالوی ئێغه, ٔٗ خۆشی صیٕذٖ س, ٔٗ خۆشی جگٗ ٔٗ  وبْ ثٗ ثٖٛٚ رٛشٕٗ

وبْ , ربالعیّیب ,  ییٗ ِیشٗ ٘ٗ  ٚوشدٔٗ ( , ٘ٗ ٔبٚ)ڕیخۆٌٗ خۆشی ٘ٗ یی( , ٔٗ ِیشٗ ْ)٘ٗ دسێژخبیٗ

ی  ٖٚ سِبٔی جێگشٖ ئۆوغبْ ٚ دٖ سِبٔی دژٖ ی دٖ ٚأٗ ئٗ  ن ٖٚ جۆسی یٗ  وشٖ خۆشی شٗ , ٔٗ  ٔجٗ شێشپٗ

ٚ  ی ئٗ ٖٚ وشا ثۆ وۆوشدٔٗ ئبِبدٖ  پشعیبسٔبِٗ  ی  . خشزٗ ٖٚ  رٗ دسێذ دٚٚس خشاٚٔٗ وبٔیبْ پێذٖ ٘ۆسِۆٔٗ

ٌذیٙبیذ, عیشیۆٌۆپالصِیٓ , پیشۆوغی ٔبیزشاد ,  ی ِبٌْٛ دای ئٗ : پێٛأی ڕێژٖ شذاسثٛاْ ثٗ  ٌٗ  صأیبسیبٔٗ

ی  الَ ڕێژٖ ٔجبِذساْ. ثٗ س ئٗ شۆفۆرۆِیزٗئبِێشی عپێىز  ٚسی ثٗ ثیٍیشۆثیٕی گشزی , وبٌغیۆَ ٚ چٗ

 پێٛاْ.  ئبِێشی ئیالیضا ٘برٗ  ثٗ Dڤیزبِیٓ

ٌذیٙبیذ, عیشیۆٌۆپالصِیٓ ٚ پیشۆوغی  ی ِبٌْٛ دای ئٗ ٚا ڕێژٖ ٚد وٗ سوٗ دا دٖ یٗ ٖٚ َ رٛێژیٕٗ ٌٗ ٔجبَ: ئٗ

ثٛٚ. رێىڕای  ربٔی رٛشٕٗ ئبفشٖ  ساٚسد ثٗ ثٗ  سصرشثٛٚ ثٗ داخٛڕأی ئێغه ثٗ  ربٔی رٛشجٛٚ ثٗ ئبفشٖ  ٔبیزشاد ٌٗ

  ثیٕشا ٌٗ سچبٚ ٔٗ ٘ب ٘یچ گۆڕیٕێىی ثٗ ٖٚس . ٘ٗ ٖٚ گۆڕی ِبٔٗ ٔٗ ی ثیٍیشۆثیٕی گشزی ٚ وبٌغیۆَ ثٗ ڕێژٖ



  رٗ ِٛٚ ئبفشٖ ْ ٘ٗ الیٗ  ٌٗ  َ ڤیزبِیٕٗ ِجٛٚٔی ئٗ ی وٗ ٖٚ ي ثالٚثٛٚٔٗ گٗ , ٌٗ Dی ڤیزبِیٓ ڕێژٖ

ی  ٚأٗ ٚسی پشۆریٕی )ئٗ ٚ چٗ  ٚسی عێیٕٗ ی وۆٌیغزشۆي, چٗ ٘ب ڕێژٖ سٖٚ گشزی. ٘ٗ  وبْ ثٗ شذاسثٖٛٚ ثٗ

 ثٛٚ.  ربٔی رٛشٕٗ ئبفشٖ  ساٚسد ثٗ ثٗ  ئێغه ثٗ داخٛڕأی  ربٔی رٛشجٛٚ ثٗ ئبفشٖ  ٌٗ( ثٍٕذثٛٚ  ِٗ چڕیبْ وٗ  وٗ

ی  ٚأٗ وی پێچٗ ٔذیٗ یٖٛ ٚا پٗ سی خغذ وٗ دٖ  وٗ ٖٚ ٔذی پێشعۆْ, رٛێژیٕٗ یٖٛ وبس٘ێٕبٔی ٘بٚپٗ ثٗ  ثٗ

  ی ئێغه ٌٗ ی گشزی ئێغه ٚ ثڕثڕٖ ٌذیٙبیذ ٚ چڕی ثبسعزٗ ٔێٛاْ ِبٌْٛ دای ئٗ  ٌٗ  یٗ سچبٚ ٘ٗ ثٗ

ٔی ثێ ئِٛێذی ٚ  ِٗ ی رٗ ٔێٛاْ ِبٖٚ  ٔذی ثیٕشا ٌٗ یٖٛ ِبْ پٗ داخٛڕأی ئێغه. ٘ٗ  ربٔی رٛشجٛٚ ثٗ ئبفشٖ

ْ ٚ چڕی  ِٗ ٔێٛاْ رٗ  ٘ب ٌٗ سٖٚ خۆشیٗ. ٘ٗ َ ٔٗ ربٔی رٛشجٛٚ ثٗ ئبفشٖ  ی ئێغه ٌٗ چڕی گشزی ثبسعزٗ

ٚا  دیبسیىشد وٗ  وٗ ٖٚ رٛێژیٕٗ الَ ٚص.ثٗ ی ئێغىی حٗ ی ئێغه ٚ چڕی ثبسعزٗ گشزی ثبسعزٗ

ی ئێغىی  ػ ٚ چڕی ثبسعزٗ ی ٌٗ ی ثبسعزٗ ٔێٛاْ پێىٙبرٗ  یٗ ٌٗ سچبٚ ٘ٗ ی ثٗ ٚأٗ وی ڕاعزٗ ٔذیٗ یٖٛ پٗ

 . خۆشیٗ َ ٔٗ ربٔی رٛشجٛٚ ثٗ ئبفشٖ  ی پشذ ٌٗ ثڕثڕٖ

ْ  وٗ ْ دٖ وٗ دٖ  ٖٚ ثٗ بِبژٖئ  یٗ ٖٚ َ رٛێژیٕٗ وبٔی ئٗ ٚرٗ عزىٗ ٔجبَ ٚ دٖ : ئٗ ٖٚ وبٔی رٛێژیٕٗ ٚرٗ عزىٗ دٖ

ی  ٖٚ ِىشدٔٗ عزٕیشبٔىشدٔی وٗ دٖ  ثێ ٌٗ ڕۆٌیبْ ٘ٗ  یٗ ٚأٗ وغبٔذْ ٌٗ ئۆ عزبٔی  وبٔی پٗ ٚا ٔیشبٔٗ وٗ

 ٔی ثێ ئِٛێذی داْ. ِٗ رٗ  ٚا ٌٗ ی وٗ ربٔٗ ٚ ئبفشٖ ی ئێغه  ٌٗ چڕی ثبسعزٗ

 
 
 
 
 
 
 



 ػیشاق-حکِٛەرب ٘ەسیّب کٛسدعزبٔێ
 ٚەصاسەرب خٛأذٔب ثبال ٚڤەکٌٛیٕێٓ صأغزٝ

 صأکٛیب پٌٛیزەکٕیک یب د٘ٛک
 کٌٛیژا رەکٕیکٝ رۀذسٚعزٝ شێخبْ

 

 

ي دەف ئبفشەرێٓ ي رەِۀێ ثێ ١٘ڤٝ ثٛٚٔێ  ێدژە ئٛوغبٔ-ێثبس
 ي ثبژیشێ د٘ٛکێ  رٛشجٛٚێ١ٓ پێزٝ ثٛٚٔب ٘ەعز١ێ

 
رەکٕیکٝ رۀذسٚعزٝ شێخبْ صأکٛیب پٌٛیزەکٕیک یب د٘ٛک  ٚەک ٌیژا ٛٔبِەیەک پێشکێشٝ ک

 ژ٠بٔٝ  ێو١ّ١ب٠ ێي ثٛاس ێێٓ پێٛیغزٝ ثؤ ثذەعذ ڤەئیٕبٔب ثبٚەسٔبِب ِبعزەس١ثەشەک ژ پێذڤ
 
 

 ژالیێ لٛربثٝ
 فبطّخ ِحّذ احّذ

 ثکبٌٛسیٛط ة صأغزێ و١ّ١ب
 
 

 ة عەسپەسیشزیب
د. ٔجالء وبظُ ػ١غٝ    

 پشٚف١غٛسا ٘بس٠ىبس
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